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essary   to  en:iM«-    them   to   make  a  design  and 

'.-.I  -ii.i  i  a  throu-h  j-l.it.  .-ir-i.-r  railway  bridge, 

tin*   plat.*    -ir.lrr   han   been  developed   so 

that   it   may  be  appli-.l  to  such  *'  s  for  any  duty. 

imtrs  may  easily   be  given   to   the  average  elaas  in 

week  for  one  semester  of  the  college 

year.     They  )ia\<-  ^n-atly  fa<  ilitatiil  the  computation  and 

»lra\\  inn-room  \\«»rk  with  my  own  classes. 

It  i>  with  thr  hope  that  they  may  be  useful  to  other 
hers.  un<!  engineers,  that  thry  an-  puhlisl. 
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ART.  1.    STRESS  DISTRIBUTION  AHD  GEHERAL 

The    theory  of  stress  di-tnUni..n  for  plate  girder*  b  the 

a*  that  for  nolid  beams  of  uniform  material,  it  bring 

rally  assumed  that  the  common  t  h.ory  of  flexure  applies 

\\itliMimYi.-nt  accuracy  to  the  built-up  ;  This  asstinip- 

timi   i->   .-. -rtainly   imt    -trictly   true.     The  riveU  connecting 

tin  various  parts  together  cause  a  local  and  small  iirrgular- 

f  stress  (listrihutinii.  -pliers  of  tin-  various   part #,  and 

:  ri-matic  form,  pro«liu-r  <|iiite  marked  irregularity  of  this 

.Union.     Tho  "Theory  of  Kli'xurr  "  pro}*  rly  applinl 

to  plati'-pinlcr  design.  1;  leads  to  a  thoroughly  good 

engineering  structure,  as  an  immense  tonnage  of  such 

•  luring  the  paM   forty  yeaw  and  doing  excel- 
lent  .hits      it  nesses. 

This    \\idr    UM-    of    the    plat.-    girder    for  srrvtc*   ui. 

ing  condition-  \\IL*  incn-o.-4-d  tho  knowledge  of 
its  capacity   an  I   -i\.  n   valuable  practical  information  as 
u»  design  of  certain  of  i  res. 

The    rtMjuireinents    for    ils    fabrication,    shipment    and 

ion  have  also  affected  it<  design.     Then-  nM|uin-menU 

are  not  fixed  in  their  nature,  although  in  certain  rrspecU, 
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such   as   minimum   thickness   of   material   in    web   plates, 
and  minimum  edge  distances  for  punching,  they  fix  a  limit 
10  size  of  certain  pa 

The   correct    design   of  plate  girders    therefore    requi 

.  tical  knowledge  and  cither  practical  experience  or 
formulated  rules,  based  on  practical  experience,  and  so 
carefully  and  closely  drawn  as  to  prevent  a  pnnr  de.-ign. 

Plate  Birders  are  used  for  bridges  anywhere  from  18" 
and  1.V  long  to  126"  deep  and  130'  long,  and  even 
beyond  these  limits:  they  are  also  used  in  buildings  and 
other  important  engineering  work  to  a  great  extent.  In 
general,  the  lower  limit  of  their  use  is  the  I  l>eam,  which 
will  furnish  the  proper  strength  at  a  less  cost  per  pound 
of  material:  their  upper  limit  is  the  truss,  whose  total 
cost  b  less  than  the  heavier  but  cheaper  per  pound  girder. 

In  order  to  design  properly  any  structure  it  is  necessary 
to  understand  the  composition  and  relation  of  each  to 
each  of  the  various  parts.  The  following  drawings  are 
meant  to  illustrate  some  of  the  most  essential  features  of 
plate-girder  construction.  They  are  therefore  not  meant 
to  be  casually  inspected,  but  thoroughly  studied,  and  tin 
function  of  the  various  parts  in  carrying  a  load  to  the 
supports,  the  makeup  of  the  parts  and  their  connection, 
!i  clearly  understood. 

Fig.  la  shows  a  single-track  deck  plate-girder  bridge. 

Fig.  16  shows  a  single-track  through  plate-girder  bridge. 

The  computation  of  the  stresses  in  any  structure  is 
the  preliminary  step  in  the  design.  The  stresses  themselves 
are  a  function  of  the  weight  of  the  structure,  and  hence 
an  early  estimate  of  the  weight  of  each  portion  of  the 
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DISTRIBUTION  AND  GENERA  I.  3 

neeewary.    Many   valuable  compilation*  of 

.f  .-iniet u:, •    an-  t<>  bo  had,  hut  they  are  not  usually 

accompanied  by  fui  eDgineer  must  be  sure 

of   the   quantities   which  go   into  hi-  Mrm-tun-.  an. I   they 

therefore  should   be  estimated  as  the  computations  are 

d  along  and  all  computations  based  on  wrong  at* 

i  load-  -  .1. 

16  design  of  a  Mm.- tun-  .-hould    always    begin    with 
-  tin    load  an<l  follow  with  ea  *sive 

part  in  the  path  of  the  l«>ad  a>  it  travel-  t«»  tl  rt. 

in  an   ordinary  through  j  ;  i.-r  rail- 

road   I'M  :.:•  .    tin-   design  of   tin-   various  parts  shoul<l    U- 
made    in    tin-    following   onh-r:    HaiU, 
beams,  latnal  hracing,  and  main  gird> 

In  making  a  i  ••  of  th«-  Wright  of  any  gir 

(i.ini.ut.    th     live-load  stress  at  the  center  of   tin-  1* 
flange  ami  inm-a.-<-  impact   if  :  to  !><•  a.l.h-il, 

add  t<»  thi-  Mini    \^cfc  for  th.-  >tn-ss  due  to  the  weight   of 
then  determine  the  net  area  of  thi-  innnl>er  in 
><iuaiv  iiirlir>.     This  net  area  in  square   inch.-   iindtij.li.-d 
I  will    give  a  weight   per  foot  of  girder  \\hieh  may   U- 
used  as  a  fir.M  eMin  . 

Thi>  estimate  is  baaed  on  e<|iial  gross  areas  1 
than   tli  :ea  of  the  bottom   flange,  for  top   flange, 

bottom  flange,  and  \\«  l».  and  their  Mini  in  I.".1      f.-r 

details.     An  error  oi  al  stress  due  to  a  wrong 

:i>Mimed   dead  load  should   require   : 
load  to  be  u 

It  ditlieult  to  give  a  good  general  rule  for  < 

mating  the  weight   of  irirders.  as  tl  i>lv  is  a 
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function  of  the  depth,  loading,  unit  stresses,  and   many 
other  things. 

PKnr.i.i  MS 

la.  Skrtrh   the  rroas-«ection  of  a  platr  pinl.-r  wit!)   :m<l   without 
and  write  the  name  of  each  i-.-u-t  <.;,  th,  -k.-trhes. 


1      Sk.-t.-h  the  plan  of  single-track  railroad  <!<•.  k  pl.-itr 
and  write  the  names  of  the  various  parts  on  the  sketc -h. 

1     Skrtrh  the  plan  of    single-track  railroad    through    pl.-it.-  irinlrr 
bridge,  and  write  the  names  of  the  various  parts  in  the  sketch. 


ART.  2.   REQUIRED  AREA  OF  CROSS  SECTION  FOR  THE 

FLANGES 

The  plate  girder  is  a  built-up  structure,  and  may  be  made 
with  a  variety  of  cross-sect  ion-  depending  on  the  require- 
ments of  the  case.  The  forms  of  cross-section  im.M  fre- 
quently used  are  those  of  a,  6  and  c  of  Fig.  '2. 


M  Pfah 


a  5 

TIG.  2. 

The  object  of  these  forms  being  to  take  advantage  of 
the  known  law  of  stress  distribution  in  flexure. 

The  relation  between  the  moment  of  the  outer  forces 
and  inner  stresses  for  homogeneous  bodies  subject  to  flexure 
is  given  from  the  formula 
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I 


in  \\hi.-h   W  i-  thr  ii.  ..it..  -Hi  of  tin-  uut.-r  forces; 

thr  unit  Mtrests  in  the  extreme  fibrr  of  th. 
cross-section  under  conuidcTati 
/  i-  tin-  moment  of  inertia  «>f  thr  CltMi  ICCtk' 

th<    distance  from  the  neutral  axis  to  the 

<«B-«e€tion. 


Any  i-\i>tinv:  >irai^ht  :«•  ^ir-l.-r  may  be  examined 

for  intni-ity  of  flexural  «tn»H»  in  a  plane  normal  to  the 
axis  by  means  of  tin.-  formula.    The  plate  ginler  of  prac- 


Fio. 


far  from  thr  ideal  prUmatic  liar  of  thr 
Throry  o!  Fl<\un  .  Thr  :i|.plirat  ion  of  thr  preceding  for- 
mula to  thr  design  of  pinln>  i-  .iou>.  and  while 

itly    farilitatr.l    l>y    thr    u><-   of   tables  of  - 

for  a  gr  of  eases,  the  labor  of  it*  application 

..l.lnns  (»f  ch-si^n  i-  not  \\arrantr.l. 

Thr    almost    universal    inrthoti   of    plat«--^inlrr     flange 
n  will  now  be  developed,  with  thr  aid  of  tin-  following 

.••nrlaturr  and   1 
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.•1  U'  the  net  area  of  each  flange; 

h  be  the  distance  o.  to  c.  of  gravity  of  flanges; 

5  be  the  allowable  unit  stress  for  tension  or  com- 

pression produced  by  flexure; 
h  i  !>«•  tin  depth  of  the  web  plate; 
/  be  the  thickness  of  the  web  plate; 
^2  I*'  the  depth  out  to  out  of  flan  v 
//  be  moment  of  inertia  of  each  flange  about  its  <»\vn 

horizontal  axis. 

Then  the  flexure  formula  becomes 


2 


Tho  right  half  of  this  equation  represents  the  moment 
of  the  internal  stresses;  of  the  three  terms  which  make 
up  this  half  it  may  be  said  : 

47 / 
The  term       -  is   small  in  most   cases,  but  for  shallow 

fl2 

girders  it  Is  relatively  quite  large,  its  omission  from  the 
expression  requires  the  other  terms  to  be  larger. 

The  value  of  i    i-  always  less  than  unity,  and  in  .shallow 

"2 

girders  considerably  less,  frequently  as  much  as  10%. 

The  value  of  -  -  is  usually  less  than  unity,  for  very 

/l2 

shallow  girders  without  cover  plates  it  is  often  equal  to 
unity,  and  for  girders  with  two  or  more  cover  plates  it 
may  be  as  much  as  10%  less  than  unity. 
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If  ht  hlt  and  hy  be  taken  equal,  and  the  term  -r-  be 

dn>ppr<l  tin-  formula  may  I*-  wriu 


- 


That  is,  t  lit*  appro  \  sees 

equals  tin-  unit  stress  times  tj,,.  depth  tim.-*  arra 

of  one  flange  plus  |  of  the  area  of  the  web  plate.    Many 

engineers  drop  the   ^  '    from   tin*  e\pn  ---inn.  a-    it-   value 

is  small  ami  it  is  on  the  >ide  of  safety  to  do  so.     Chin  r* 

include  it   \\itli  th<-  i'ira  that  as  the  web  takes  a  pan  of 

ori/nntal  stresses  these  horizontal  stresses  should  be 

1  in  designing  the  flanges  and  web  splices.     \Vh.-r-- 

or  >pliccs  are  use<i  on  the  w«-l>  it  is  impossible 

to  maintain  the  full  web  section,  and  the  web  availahli* 

as  flange  is  usually  taken  as  -A  which  corresponds  to  a 

:il  riv.-t   j.it<  h  of  about  4".     The  preceding  formula 
should  be  written  for  the  purpose  of  design: 


M 

c 


•/  If!  I 

"IT— jp     .     .     (1)    or    A- 


M 


In  this  formula  --  is  known  as  the  flange  stress,  ju-t 

as  in  the  case  of  trusses  th.  :it  divid 

is  the  chord  stress. 
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1 HOBLEMS 

fci.  Compute  the  net  area  n-«|iiinMl  in  the  flanges  of  a  plate  girder 
3<y  long  and  48"  deep  out  to  out  of  flange  angles,  when  carrying  two 
loads,  of  160,000  Ibs.  each,  spaced  .V  from  the  center  of  the  girder  and 
a  uniform  load  of  300  Ibs.  |*  r  linear  foot.  Assume  a  web  plate  of 
48X|". 

26.  Make  up  a  section  for  the  bottom  flange  of  the  girder  of  I 'ml,. 
2o,  using  only  two  angles. 

1r.  Make  up  a  section  for  the  bottom  flange  of  the  girder  of  I'n.l>. 
2a,  using  i  plates  and  two  angles. 

ART.  3.   THE  DESIGN  OF  THE  CROSS-SECTION  OF  THE 

FLANGES 

Flanges  of  plate  girders  are  generally  composed  of  an 
in  pairs  or  angles  in  pairs  and  plates,  as  is  shown  in  Fig. 
2o,  26,  and  2c.     The  several  parts  are  connected  by  rivi -t<. 
i  i  tin-  rivets  are  generally  punched  to  a  diam- 

eter  ft"  greater  than  that  of  the  rivet,  or  to  a  diameter  of 
ft"  less  and  sub>e<jueiitlv  reamed  to  ft"  greater,  or,  as  in 
the  best  class  of  railway  work,  drilled  to  a  diameter  ft" 
r  than  that  of  the  rivet.  It  is  customary  in  design- 
ing tension  members  to  allow  for  a  hole  J"  greater  in 
diameter  than  that  of  the  rivet,  that  is,  for  a  J"  rivet  a 
hole  1"  in  diameter  should  be  deducted.  The  number  of 
holes  to  be  deducted  from  any  tension  flange  depends  on 
the  number  of  rows  of  rivets  and  the  spacing  of  the  rivets 
in  the  rows.  Much  might  be  written  on  this  point,  hut 
only  little  will  be  given. 

For  the  flange  shown  in  a  in  section,  the  views  of  c 
and  d  are  longitudinal  developments  of  one  of  the  angles 
showing  common  methods  of  grouping  the  riv. 


M.>IGN  OF  Till.  CUOfiS-SECTION 


I  : 


It  -  that  a  ayiiiim  trical  arrangement   of  riveU 

surh  as  shown  in  c  w  better  than  t  /,  for  the  center 

of  gravity  of  t)  through  i  r  and  y-y  of  c  lies 

in  th«-  r.M.i    uf  tn,    an^lr,  \vhilr  for  t  sj 


PlO.  3. 

tions  of  d  it  is  first  to  the  right  of  the  root  and  then  to  the 
:u<  in.lk-ateil.  The  arrangement  at  d  i*  sometimes 
chosen  because  it  permits  a  little  more  freedom  in  driving 
one  of  the  inner  lines  of  rivets.  Care  must  be  taken  in 
locating  the  sections  x  and  y  so  that  2D  +  H5  V;  for  the 
case  selected  the  longitudinal  pitch  p  cannot  be  leas  than 


V-J-i 


In  fact  the  stresses 
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passing  through   the   space    marked    /)   are   considerably 

U-iil  and  thereby  increased,  and  therefore  the  distance  /> 
for  a  good  stagger  for  this  case  should  be  ;*".  It  should 
be  noted  that  most  girders  have  an  excess  of  strength 
t  at  the  point  of  maximum  bending  moment  and 
at  t!  of  cover  plates,  and  hence  care  in  staggering 

the  rivet*  need  only  be  exercised  at  these  points. 

The  entire  flange  stress  is  developed  in  small  incre- 
ments by  the  web  and  transmitted  to  the  flange  by  the 
rows  of  rivets  connecting  the  vertical  legs  of  the  angles 
to  the  web.  It  is  dear  that  these  angles  then  should 
comprise  a  considerable  part  of  the  total  flange  a 
some  engineers  require  50%,  other*  permit  as  little  as 
33J',.  The  irinler  which  has  a  flange  stress  developed 
in  a  short  distance  require*  heavier  angles  than  one  in 
which  tl  B  i*  developed  in  a  great  distance.  The 

>in^  provision  for  maintaining  net  section  applies  par- 
ticularly to  the  tension  flange.  The  compression  flange 
is  usually  made  equal  in  gross  area  to  the  tension  flange. 

The  compression  flange  is  in  somewhat  the  condition 
of  a  column  as  far  as  liability  to  failure  in  a  sidcwise 
din-etion  is  concerned.  For  girders  with  a  constant  top 
flange  section  the  maximum  unit  stress  occurs  only  at  the 
point  of  maximum  moment,  for  a  flange  with  cover  plates; 
that  is,  for  a  flange  which  varies  closely  as  the  flange  stress, 
the  unit  stress  is  nearly  constant  throughout.  The  web 
stiffeners.  if  any  are  used,  give  considerable  lateral  still- 
ness to  the  top  flange,  reaching  and  connecting,  as  they  do 
for  half  their  length  to  material  in  tension.  The  sketch  of 
Fig.  3e  will  lu-lp  make  this  point  clear.  The  tension  flange 
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is  In-Ill  in  In  its  stress;  any  (<  IP:  dde- 

wise  •I'-tl.-.-t  i..n  of  the  compression  flange  is  resisted  U  tin* 

•n  tlanj.-  if  -titTnuTs  are  used. 
If  tin-  '.HS  for  static  lo: i  n-ion  is  16,000  |tw. 


per  squaiv  inch,  thru   10,000  —70-  i*  a  corres|x>Oflin^  unit 

stress  for  a  OOinpVBirion   tncmber,  in  which  the  quant IM- 

need  no  «l«-tiniti<.n.     if  it  tw  assumed  that  a 


3e. 

a    (nlunin    in    its  action  and   that   its* 
is  a  rectangle  whose  width  -'*.  thru 


(lO,000  -70-^  -  (l6,000  -70  ^  J—)  -  Ki.000  -24^  . 


or 


16,000-240^ 


gives  a  com  unit    MIVSS  for  a  ginier  flange  cor- 

responding to   16,000  Ibs.  per  square  inch  in  tension.     As 
-inlrr   flange  is  only  a  maximum  for.  a 
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part  of  its  length  a  formula  for  the  safe  compressive 
and  unit  >\.reaa 

P-  16,000  -20o£,      .....     (2') 

may  be  used. 

Experience  has  shown  that  no  material  should  be 
used  which  is  less  in  thickness  than  ^  of  the  distance 
between  the  rivets  in  the  direction  of  the  action  of  the 
stress,  J  of  the  distance  from  the  center  of  a  rivet  to  tin- 
edge  of  the  piece  at  right  angles  to  the  line  of  stress,  or 
that  any  angle  leg  when  used  alone  in  a  girder  flange  shall 
he  longer  than  12  times  its  thickness,  otherwise  the  girder 
flange  may  fail  in  detail  rather  than  as  a  whole. 

For  simplicity  and  ease  of  construction  the  compres.-ion 
flange  should  not  be  made  of  greater  section  than  the 
tension  flange,  therefore  the  compression  flange  must  be 
supported  in  a  sidewise  direction  at  frequent  intervals,  which, 
from  the  pin.  ding  formula,  will  be  about  every  ten  times 
the  flange  width.  It  is  customary  to  consider  that  the 
rivets  completely  fill  the  rivet  holes  in  the  compression 
flange  and  that  the  full  gross  section  of  the  flange  may 
be  assumed  to  act  to  resist  compression.  This  assump- 
tion with  regard  to  the  rivets  always  filling  the  holes  is 
open  to  serious  question,  and  if  they  do  fill  the  holes 
they  do  not  offer  the  same  resistance  to  lateral  deforma- 
tion which  takes  place  under  compression  as  the  unpunched 
rial.  However,  it  is  fair  to  assume  that  they  partially 
make  up  the  punched-out  material.  The  formula  for  the 
unit  stress  for  the  compression  flange  is  believed  to  be 
nough  to  allow  it  to  be  applied  to  the  gross  area 
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of  the  flange.     The  depth  k  (called  the  effective  depth) 
inula  (I)  U  obtained  by  taking  the  groat  area  of 

!"'tli   flange  in  com|)uting  the  location  of  the  « 
gravity  of  ih.   flanges. 

It  should  be  borne  in  mind  that  if  then*  is  DO  lateral 
deflection  of  tin-  top  flange  that  its  maximum  unit  stress 

deperni>  mtin  ly  <>n  -,  th.-  M>rti..n  modulus,  as  it  b  tome- 
times  called.  While  riv.-t  iml. ,  afTert  the  position  of  the 
neutral  axis  for  the  sections  in  which  tin  y  ..r.-ur.  probably 
two-thirds  or  one-half  of  the  length  of  a  girder  \\ill  be 
undiminbdied  hy  holes,  hence  in  applying  thr  formula 

Of 

A/- —  to  check  the  results  of  formula  (1)  it  will  be  best 

to  determine  the  position  of  the  m  utral  axis  from  the 
gross  section,  and  find  the  moment  of  inertia  of  the  net 
section  of  the  entire  girder  section  for  /  in  the  formula. 

PROBLEMS 

3<j.  Compute  the  probable  maximum  unit  strtas  in  the 

SI 
of  the  girder  of  Prob.  26,  by  means  of  the  formula  If  -— . 


36.  Comput,     th,-   probable  maximum   unit   atrras  in   the 
flange  of  the  girder  of  Prob.  2c,  by  means  of  the  formula  M  -~. 


3r.  Compute  the  probable  maximum  unit  Mreai  in  the  i  mupn Mion 
flanges  of  Probe.  3a  and  36,  by  means  of  the  form  ula  A/  - — . 
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ART.  4.    LENGTHS  OF  COVER  PLATES 

The  plate  girder,  Ix-ing  a  composite  structure,  may  easily 
be  constructed  so  that  i  —section  may  vary  approxi- 

|y  :i>  the  moments  and  shears  require.  The  full  flange 
section  Ix'in^  required  only  where  the  moment  is  a  maxi- 
mum, a  method  of  determining  when-  the  parts  may  be 
omitted  when  no  longer  required  is  necessary  to  economi- 
cally design  the  girder.  In  general  the  cover  plates  are 
the  only  parts  of  the  flange  which  do  not  extend  tin  full 
length.  Two  methods  will  be  developed  for  finding  where 
cover  plates  (or  any  other  part  of  the  flange)  may  be 
omitted. 

The  first:  For  girders  which  carry  a  uniform  load, 
or  a  load  which  may  be  closely  represented  by  a  uniform 
load.  Deck  plate  girders  for  railway  bridges  may  be 
included  in  this  classification. 

In   Art.   2  the  approximate   moment  of  the   internal 

stresses  at  any  section  =S/ix(  A  +-{^J  in  which  [A+-jrJ 

is  the  net   flange   area,   designating  this  area  by  a  for 
simplicity,  the  moment  of  the  internal  stresses  becomes 

9*0. 

l.'-t    >r       the  uniform  load   per  foot  of  girder,  or  for 

locomotive-   loading  the  uniform  load  which  would   pro- 

the  same  end  shear,  then  the  bending  moment  at 

any   point   distant    x  from  the  end=-2~   "~o~»   a°d    this 
must  equal  the  moment  of  the  internal  stresses. 
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if  it   i>  desired  to  find  tit.  u  of  tin-  point   n,  wb*r* 

uUtitiit.-  f«.r  S,  A,  and 

fl    thrir    vali.  in-    portion   of   tin-    prd«-r   Utur.n   the 

«-n«l    ainl    /<    ami    -ol\.-    f»»r    /.      It    i-«    mor-  -.t    in 

in-   formula   in   Mirli   form   M  to 

tin-    Im^tli   o  For  thi>   ptiprour 

•  c     tin- tli-  '  Inigth  of  mix  <-M\,  r  j.l:if.      / 

C-tli-  :tl    l.-nnth   of    any  *•  -f y 

(y-from  2  to  5  fn-t  i  tin-  additional  Irngtti  y 
:.«    riM|uin-d    fnr    loratinj:  a  f.-\\     riv.-m,  so 
that  th«-  plat.-  max  U-  capable  of  taking 
when-   it    i-  t!  ;ill 


in  the  foregoing  n -lation  between  the  momenta  of 
the  outer  and  inm-r  forces  may  be  written 


,      P     I*     2Sha  ..  I        p     2Ska 

xa-/j-HT-T —         and  from  thw  X-.T-V/T  — 
ir  *       \  t 


(3) 


To  u>f  th.-   formula  to  find   tin-  l.-ngth  of  the  second 
.  take  a  and  h  for  the  portion  of  the  girder  U  tween 
n  and  o. 
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Another  .Dimple  formula  by  the  author  for  finding  the 
lengths  of  cover  plates  I'm-  this  class  of  loading  is  given 
in  Eng.  News,  XXXII.  page  278,  the  issue  of  Oct.  4, 1894. 

The  second:  For  girders  carrying  loadings  which  may 
not  be  rcprex-nted  by  a  uniform  load.  Girders  of  this 
their  loads  through  other  girders  or  columns 
at  definite  points.  The  main  girders  of  through  plate 
Birder  spans  with  floorbeams  are  common  examples  of 
this  class. 

As  before  the  resisting  moment  =*Sha,  where 

a —  area  of  flange  at  end  of  any  cover; 

A-=  depth  c.  to  c.  of  gravity  of  flanges  at  end  of  any 

cover; 
£-•11  nit  stress. 

The  bending  moment  AT  at  any  point  along  the  length 
of  the  beam  and  distant  x  from  the  left  end,  where  PI, 
P2,  PS,  etc.,  of  Fig.  46  are  the  concentrated  loads,  w  the 


R/- 


2 


>  ,  i"  I" 


FIG.  46. 


uniform  load  per  foot  of  length,  and  RI  the  left  hand  reac 
tion,  is  given  from 


M 


-MX--;}  -Pi(x  -0)  -P2(x  -b)  -  etc. 
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m  th.    moment  of  the  external  force* •moment  of 

internal  stresses 

Kur  -0)  -P,(x  -6)  +etc.  -SA«,    .     (4) 

in  which  e\vry  «juantity  U  known  e\eept  i. 

To  apply  this  to  any   point    n  between  the  first  con- 
c« -lit rated  and  the  end  the  above  becomes 


irj- 
- 


in  which  A',  and  N/ui  are  known,  and  the  solution  of  w 

18   a  inplr    matter.      It    should    IH-    tinted    that    tin- 

proper  position  for  the  live  load  Ls  that  which  makes  RI 

.\inium. 

To  apply  it  to  any  point  q  between  two  loading  |* 
the  formula  IH 


.     .     .     . 

The  position  of  tin  live  load  inti-t  be  taken,  6*1*1,80 
as  to  make  the  U-ndin^  moment  at  /',  a  maximum;  seeond, 
80  as  to  make  the  U-n-lini:  moment  at  /'a  a  maximum. 

Thi>  L'iv«-  tu<»  i-.|uations  of  the  form  of  (4")  each  of 
\vhieh  mu.-t  IN-  >olvei|  for  x. 

The  value  of  .r,  which  is  least,  i.e.,  the  one  requiring 
tlu  longest  cover,  i-  to  be  taken. 

The  lengths  of  rover  plates  are  rtadily  found  by  a 
graphic  method  which  needs  no  explanation  U-yond  the 
following  .sketch:  4c.  The  full  line  is  drawn  to  n  j.rvaent 
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•.•>i>tini:    inuiiu  lit     of    tin-    variuu-    portion-     and    the 

dotted    line   tin-    moments   of  till'   outer   fo rcr.-. 

Thr    application    of    formulas    (3)    an. I       1      \\ill    now    he 
|(»  finding  tin-   length-  of  COVer   plate-      for  th.is   pur- 

a  girder   i-'i'  l"n^  c,  t«>  c,  <-n<l  ix-aiin^s,  i\o\" 


1  ....  4c. 

deep  out  to  out  of  Haiip-  angles  and  of  tin-  following  coiii|»<»- 
>ition  : 

1  preb  pUte  60X|"-22.50sq.in.  X|  2.81  sq.ins. 

•J  top  an-l«->  r,  .  ii  ,  \ <).(>  =  11. 52  +2.81         =14.33  s<j.in>. 
1  top  plate*  14  X) -7.00 +  14.33-  =21.33  .^iin> 

1  top  plate  1 4  Xi  =7.00 +21.33=  =28.33  so,. in,. 

2  bottom  angles  0x6x19.6  =  11.52-2.00=    (.'  "»_'  K2.81 

=  12.:;:;  Bq.ins, 
1  bottom  plan    14  Xi  =7.00 -1.00  =  6.00 +9.52  = 

18.33  sq.ins. 
1  bottom  platr  14X1=7.00-1.00  =  6.00+15.52  = 

24.33  sq-ins. 

The  girder  will  first  be  assumed  to  act  as  in  a  single- 
track  deck  railway  hrid^c,  using  formula  (3), 
Maximum  hending  moment  =  1,938,410  ft.lh-. 

/        193  500  \ 

Maximum  end  shear     l'.i;;.:,no  lh>.  (,r=    ^       =9000). 

0-12.33,  18.33,  and  24.33  sq.in. 
A -4.77,  4.85,  and  4.93ft. 
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i  12 

,-*    v 


.    ...     - 


-y  +  2\  263.1 

-2 


~  x4.85xl6,ooo 


-yX'J\  I-  116  I     v  •  ,'\  IIOTI 

-2+24-J 

The    pnlrr    \\ill    now    be   a*Mim»-.l    t<»    hav.-    HIM.  rU 

!i"i  i"  in   Fig.  Ad.     The  fraction  RI, 

\\li.-n    the    iiioiiicnt    at    /',    is   a   iiinxiiimin,   in   136,500   II*. 
and  the  own  weight  of  tin-  pnl.-r  ;JJMI  II-    JHT  iin.-ar  foot. 


F« 

*, 

15 

-t,  ...  , 

_, 

,„•  1  ^  ,1 

\d. 

Tli.-n   fm-  tin-   fir>t    rovi-r 

'-12.33x4.77x16,000-^1,000. 

910J  -  J2  -  «273     (»r     jr3  -910jr  +207025  - 

ar-45.5-38-7 
The  Irtish  of  tin-  firM  ^f|  -2  +  (43  -15)  -30*. 

;    rovi-r 

;ti,500x  -ISO**  -  18.33X4.85X16,000-  I  . 
-910x-94s 


l.-n^rth  of  tho  MTOII.I  «  -.i-20)* 
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PBOBU  MS 

4n.  \A-\  ra«  h  of  ihr  Hangrs  ui'  tin-  gmlrr  of  il.  insist  of 

2angie86X6X17.21b6.-KUi.'  >.|  ins. 

i  com  i-late  I4x|  "  -:. 

:>iate  14X|  "  -5.25 

••V.T  plate  14X|     "    -:. 
and          i  of  the  \v«  I,  plate  60X|. 

Find  the  lengths  of  the  rovrr  plates  wlirji  il  arts  as  a  part  of"  a 
•  Irrk  railway  bridge. 

4h.  Find  the  lengths  of  the  rover  plates  \vhen  tlie  girder  of  Prob. 
4a  acts  as  a  part  of  a  through  bridge.  The  <  OIK  nitrated  load  P,«- 105,000 
Ibs.  The  loads  being  spaced  as  shown  in  Fig.  4d. 


ART.  5.     RIVET  SPACING  IN  GIRDER  FLANGES 

The  connect  ion  between  the  web  and  flanges  of  girders, 
other  composite  structures,  i>  made  by  means  of  rivets. 
Tin  ><•  rivets  are  spaced  with  reference  to  the  horizontal 
component  of  the  stress  in  the  flange,  for  at  the  extreme 
fiber  the  direction  of  the  stress  is  horizontal  and  the 
maximum  shearing  unit  stresses  in  the  flanges  are  very  small, 
and  hence  the  horizontal  component  is  the  only  stress  of 
importance. 

The  one  important  exception  to  the  foregoing  is  where 
the  girder  load  i>  applied  to  one  of  the  flanges,  here  the 
rivets  have  to  transmit  the  loading  which  the  girder  carries 
together  with  the  horizontal  stress  increments  between  the 
flanges  and  web.  The  exceptional  case  will  receive  special 
consideration. 

The  moment  of  the  external  forces  at  any  point  in  a 
girder  equals  the  moment  of  the  internal  stresses,  then- 
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fore  between  any  two  i  t  is  ewk-nual  that  tin  r 

enough  i  •  l«.p  the  *tre**o*  produced 

1>>     the     llia\i!lllllll    ilHT.-JL-r     111    Iliulliellt     Ut\\ee||    t  hi-    |» 

Tin-     increment      in     tin-     moment     i-  .tly    vnr 

throughout    the   girder   length.      Tin-    ^i  n<  nil    equation    for 
moment  for  a  simple  gird.  --n  in  Art     I  b 

.V-tf,jr-  .,       P 
Tit.   ,1,  \f  with  rr>|M-ri  to  | 

-v—  —  /?|   —  U7J  —  /"*!   - 


It    i>   thmfon    >,m    that    thr   jr-  iiirn-tiiM*   in   th»- 

U-n.ling   moiiu-ii-  \\li.n   the  shear  lian  the  gn 

poesible  valur 

The    inri,  a>e    in    U-inling   moment    U-t\\eeii   two   point.- 

BO    close    top-tiler    that    the    loail    U-tween    them    may    U- 

,.  i>  the  >hear  multiplied  l»y  the  distance  between 

the   points;    the  increase  in   flange  stress  b  this   increase 

in  moment  divided  l>y  the  depth. 

the  maximum  -hear  at  any  j>oint  on  the  gir 

A  -the    efTective    depth,    i.e..    the    depth    «       to    C.    of 

gravity  of  flange-,  in  inches 
ft  -the    least    value    of    the    rivet    to   resist    i-i- 

liing  or  shear,  and 
p-the  space  between  two  adjacent  rivets  in  inches. 

]'  Xl 
Th-  .      —the  maximum  im-rea^e  in  flange  stress  in  a 

space  of  1  inch  (a) 

1^ 

-—stress  per  inch  of  prdcr  length  carried    l»y 

the  ri\  (6) 
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For  tin-  |>r<i|H-r  il<-}:ivr  of  strength  (a)  shouM  <-i|iial  (b). 

I       /,'  If  h 

_._    or    p__ (5> 

In  order  to  show  the  application  of  (5)  to  determining 
rivet  pitch:    Let  Fig.  5a  represent  a  portion  of  the  girder 


FK;.  5a. 

used  to  illustrate  the  method  of  finding  lengths  of  cover 
plates  in  Art.  1. 

The  shear  at  a-  H>:;.:,IMI.  at  b  =  153,000, and  ate  =  118,000. 

The  value  of  a  rivet  in  bearing  =  24 ,000,  and  in  shear 
10  11»-.  per  sq.in. 

The  pitch  for  ;"  rivets,  at  (a)  = 


1  77X12X7876 


2.34 


provided  the  flange  angles  are  designed  to  carry  the 
entire  flange  Mress  at  this  point.  If,  however,  as  was 
assumed  in  finding  the  length  of  the  cover  plates,  the 
portion  of  the  web  used  as  flange  area  is  2.81  s«j.in..  then 

2.34X12.33      2.34X12.33 
lllfl   pltch"  (12.33 -2.81)"        U.te 


=  3.03".      The     pitch 


of  J.34"  would   re(juire  that  two  lines  of  rivets  be  used, 
an  good  construction  requires  that  the  rivets  !><    not  closer 
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than  :i".     It  is  U!M>  cii.ftomary  to  \w  two  rows  of  .- 

-i  0"  angle  lag  to  the  web. 

If  the  load  Is  applir.l  .iirvctly  to  th.  -ird.-r  HAI>*<  th,  n 
the  previous  computation  needs  mollification  for  th.-  rivet 
pit.-h  iii  th.-  vertical  i,  -•-  ,,f  th,.  angles  of  the  loaded  flange*. 
Ix  t  1  i/.  56  rcproflcnt  a  i  the  top  flangi*  of  the  v 

of  Fig.  5a  ami  a.ssuin<  t  hat  it  carries  one-half  a  railway  trark 
on  the  top  flange.  Oiu-  ••ii-iiM-  wheel  ui-i^hin^  50,000  lbn.f 
inrhnlinj;  impact,  will  thru  IH-  carried  in  a  npace  of  aliout 


Flo.  5. 


it  In-ini:  the  custom  to  asssunif  that  thn-c  t  i.  -  carry 
axle  loa«i.  I.«-t  II  r  and  l"r  of  Fig.  5c  represent  the 
resultant  horizontal  and  vertical  forces  on  th.  riv.-t  ax 
applied  to  the  rivrt  l>y  the  ^inler  weh:  tin-  n-sultaiit  of 
these  two  forces  R  should  no?  f  the 

to  safely   resist   either  >h«-ar  or  erii-hin^.     To  drti-r- 
mine  the  pitch  for  t  ! 

Let  ir  —  the  wheel  load  including  impact     or  oth«-r 

•it  rat.  -d  load); 
a  -total  flange  area 

di  -total   flange  area  with   the   pan  of  \\cl>  • 
for  flange  deducted  . 

«-threr  liinrs  the  dataller  c.  to  c.  of  ties  ill  II: 

A*  effective  depth  of  the  girder  in  inches; 


NOTES  ON    PLATE-GIRDEB    DESIGN 

A, —  horizontal    increment    of   stre»    in    a    length    of 

one  inch  carried  hy  ai\ 
t>r  — Vertical  load  per  inch  of  length  of  Hang. 

by  the  conc.-n!  rated  load 

rr  —  resultant  of  hr  and  vr,  —  Vh?r  +  t^r 

M'\- 


Then  if  R=  the  value  of  tin-  rivet,  :i> 

R 


this  he  aj)plic«l  t(»  finding  the  pitch  for  connecting 
the  top  flange  angles  to  tin  \veb  for  the  end  of  the  girder 
of  Fig.  5a. 

Va^     193.500  X9.52     193,500  X9.52 
^a  a"  57.24X12.33  =         70577 

JF_50,000 

__  7876  7870 

P  —  —  o**iri  —  £t»vl. 


For  the  heavier  concentrated  loads,  such  as  columns 
bring  when  carried  on  the  flanges  of  the  girders,  the  flange 
angles  will  often  not  contain  enough  rivets  for  security, 
and  stiffeners  must  he  used,  as  will  lx>  explained  later. 
The  foregoing  gives  a  simple  method  for  finding  the  max- 
imum permissiMe  pitch  of  the  rivets  connecting  the  vertical 
legs  of  the  flange  angles  to  the  web. 

The  determination  of  the  pitch  of  the  rivets  for  con- 


Hi  IN   t.lltDElt   FLA 

•    plat.--  to  the  h'.ri/'.iital  leg*  of  the 
s   i*   not    :i  .M.T    if   theoretical    arcura 

.r>ci,   tl  '    where  tlir   first  cover  plate 

ange  angle*  have  in  them  all  the*  utre**  they  ran 

carry.     It  iselear,tl  that  from  Mor  \\ith  • 

connecting  tin-   first  COMT  to  th.    flange  angles  »parc<!  to 

!u-   flange  stro  u-nt,   the   flange  angW 

.simply  irjin.sini!   tin-  inrrm.  ->  t«»  tin?  finit  cover 

plate  and  angles  have  all  thr 

•trees  they  •  uith   ri\ftn  spaced  an  Uf-r. 

the   iii'T-  i!  ruts  of   flange  stress  from   »•   t<>   • 

muni   flanp-  >tn»ss  are  .simply  tr:m-f«-rn-«l  thrmiv:' 
>   and    :  to   tin-   M-nuul  con- 

ug  a  covt-r  plate  to  a  flange  an*  generally  spaced  to 
tak.  tli.  JIM  n  iiirut-  of  flange  t«tret<8  which  occur  from  tin- 
<>ml  to  tin-  |'«.iiit  of  maximum  stress  in  the  If  n 

U-   the   numlHT  of   line-   of   rivet-   e«.m 
the  flange  then 


Assuming  l\\>  «>f  rivets  in  th-  *!ie  pitrh 

meeting    the    first    e<»ver   to    the    flange   angles 

2x72i6x;>; 

~  -  IRQ  fioo  --  m9M  lam  is  the  maximum  tliat  may 

be   used;   th  tl    pitch    wouM    In-    ma.le  eonsiilerahly 

less  an-1   usually  a   multij  !••  <>f   \.  i.  <>r   1"  an.  I  at   tin-  name 

time   Mich    a    pitrh    a>    \\«uil«l    sta^ijer   \\ell    uith   the    r 

in  the  vertical  leu>  «.f  the  flange  angles.      If  the  maximum 
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pitch  pennisMhle  were  used  the  stress  persquare  inch  in  tin- 
first  cover  plate  would  lx«  zero  at  b  an<l  increase  to  16,000 
:it  r.  Thi>  is  highly  umlr.-iral.lc.  as  there  would  exist  in 
the  girder  in  juxtaposition  the  an^l<->  \\ith  a  unit  stress 
of  16,000  ami  a  cover  with  an  average  of  8000  Ibs.  The 
jiirder  flange  material  cannot  act  in  any  such  way  with- 
out undue  I  >en  ding  stresses  on  thr  rivets. 

For  thi>  important  reason  cover  plates  should  be  made 
longer  than  a  mere  consideration  of  their  relation  to  the 
moment  polygon  would  require.  The  additional  length, 
designated  by  y  in  formula  (3)  required,  is  a  function  of 
the  number  of  rivets  necessary  t<>  equalize  the  flange 
unit  stress  in  all  the  flange  material,  and  may  he  deter- 
mined as  follows: 

n  =  number  of  rows  of  rivets  in  the  cover  plates; 

a  =  area  of  flange   without  the  cover  plate  under 
consideration,  with  unit  stress  «; 

Oi  =area  of  flange,  inrludinjr  the  cover  plate  under 
consideration,  with  unit  stress  >,  : 

p  =  pitch    in    inches   of  the   cover   plate    rivets    in 
each  line; 

R*=  value  of  one  rivet  connecting  the  cover  to  the 
flange; 

yi  =  additional   length   of   cover   plate   required   at 


each  end  in  ft.  =    -     y\  ='  '    'P' 


(di  —  a)*i 
"     --P  = 


RIVKT  SPACING  IN    «,ll:M  I:   FLANGE8  27 

Tin    \  alt*,    of  y  for  the  firwt  cover  of  the  tiwt  example 
to  illiMrnte  the  method  of  finding  the  I.  ngthtf  k: 

KX)  XI  2.33X6  j    3  f 
"  6X18.33X7216  '»":' 

If  th.   MY.  -i>  U-  plarrd  .;"  apart  m  two  ruws  y-2.25. 

If  enough   M\.  i-    at.     ii-,  ,1   at    thr  .-nd   of  a  cover  plate 

!  ig.  5a  to  traii-mit   t«.  it   it-  full  prop. 
Umge  Htretis,  tin-   rivrt    pitch   n-.jijiriMl    to  •    tin* 

to  thr  Mange  at  any  point  \\ill  U  tin-  following: 


A  i  n-Rh 


In  which  .4,   i-  thr  total  flange  a  1   .4  the  area  of 

all    the    OOVef    |  at    I  he    point     under    consideration. 

The    numlM-r    of    rivet-    a>    determined    l.y    (5')    and 
should    !*•    increased    by   20r;    to    allow    for   thr    bending 
stresses.     To  still  further  limit   these  ln-nding     tresses  no 

g    through    angle-    ainl    OOVen    should    ha 
grip  more  than  five  time>  the  diameter  of  tin-  ri\ 

PROBLEMS 

6./.  fsing  unit  Htresa*  of  10,000  and  20,000  Ibs.  for  rivru.  in  ufaear 
MM. I   crushing,   ri»m|nif«>    tin-   M-.J  .  t    j.itrh   for  connecting  the 

n  flange  angles  to  the  web  at  e  of  Fig.  5a. 

6/'.  For  the  data  of  Prob.  5a  compute  the  rivet  pitch  for  connecting 

:•  llanp-  angle  to  the  web  at  a  point  \*ertically  over  e,  including 
:<•<  t  of  a  locomotive  wheel  load. 


6r .  Umng  the  unit  streasea  of  5a  compute  the  value  of  y  for  the  arcood 

6V/.  (<>n  h  of  the  riveU  in  the  cover  plate  of  5c  just 

adj*i<  ic  |x)rtion  y. 


»\    I'i.vn  -«,II;DI:I;   DI:SI.;N 


ART.  6.    WEB  PLATES 

The  maximum  stresse-  that  the  web  nf  a  beam  or 
girder  must  resfarf  an-  of  varying  intensity  and  direction 
throughout  r 

For  any  elementary  parallelepiped  cut  from  tin-  body 
of  a  beam  in  equilibrium  subject  to  ftVxuiv.  tin-  foicos  on 
the  faces  of  tin-  < -1< -ment  perpendicular  to  the  plan.  <>f 
the  drawing  may  be  represented  for  the  most  general  case 


irfr 


FIG.  6a. 


as  shown.  The  weight  of  the  elementary  particle  may  be 
neglected,  as  it  is  an  infinitesimal  of  the  third  order  as 
compared  with  the  amount  of  stress  on  the  faces,  which 
are  infinitesimals  of  the  second  order. 

As  the  length  of  the  sides  of  the  particle  approach 
lero  as  a  limit,  the  intensities  of  the  oppositely  directed 
forces  pw  are  equal,  and  also  the  forces  pz.  If  the  opposit  <  1  \ 
dir.-ctcd  normal  forces  are  of  equal  intensity  the  tan- 
gential or  shearing  forces  q  are  also  of  equal  intensity. 
The  intensity  of  the  shearing  stresses  at  any  point  in  a 
homogeneous  prismatic  body  subject  to  flexure  is  gi\<  n 
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VQ 
from  V"TT»  tt  weB-kDOWl  formula  of  Mechanic*  of  Matr- 


\\hirh 

9- the  nun  shearing  stress; 
V -the  total  ih 
6-thr   width  of   tin-   body  at  the   point    under  COD- 

.   Q^  moment  of  thr  portion  of  thr  |MM|V  AI 

th-    point    undrr    consideration    \\iii 
to  thr  nriitral  a\i-  of  the  body,  and 
/-moment  of  inertia  of  the  body  with  refemn 
the  neutral  ax 

Th  it\   of  stress   p*  at  any  point  in  given  from 

thr    Mr  \mv    formula    P»—T*i   »»>    ^hieh    thr    .juantitirH  are 
too  well  known  to  nrrd  drfinitioii. 

f     f     l^t. 


Ct^ 


Thr  intrn>ity  «.f  M  rr«g  p9  may  be  found  a*  follows: 
Ix-t  Fi^.  (i/'  rrprr-rnt  any  U-ain  Mihjrrt  to  hYxiirr  and 
a  any  point  in  thr  Ix-am.  Aiwume  two  plam-s  distant 
1"  apart  on  either  >i«le  of  d  as  shown  by  the  .lotted  line*. 

The   v.-rtiral   i  n   the   portion  of  the  bram  above 

a  and    lxt\\<,  n    th.     parallel   lines   an-   as   indirate«l   on   the 

;    >ralr    sketch,    1  i^     «'»<•.   in    whieh  V K    \*  the  sum  of 
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tin-    .-hearing    resistances  of    tho   right    surface   above    a, 

VL  is  the  sum  of  tin  .-hearing  resistances  of  the  left  surface 

above  n. 

IF-(P,  +10  +  1IV  "tnl    load     Ix'tween    the    two 

;med    piano    above    the    point    a,   and    /l=the    area    in 

square  inches  of  the  horizontal  surface  through  a.     Then 

I        VH-W+puA-0, 


Can    must  be  taken  in  giving  the  proper  signs  to  I  /   and 

r, 

Having  a  method  for  finding  pT,  py  and  <y  for  any 
point  in  a  beam,  there  remains  to  be  found  the  plane 
in  \\liieli  their  combined  action  has  the  greatest  intensity. 

Th-  s  per  square  inch  pr,  pv  and  7  may  be  pro- 

duced in  any  manner,  even  in  an  arbitrary  manner  or  p, 
and  q,  and  pv  and  7  may  be  tin  rectangular  components  into 
\vhich  the  actual  stresses  on  any  elementary  parallelopiped 
have  been  resolved,  as  far  as  the  following  argument  is 
concerned. 

I/'t  Fig.  6d  be  a  redrawing  of  6a.  Let  tin-  plane  OP 
be  passed  through  the  elementary  particle  perpendicular 
to  the  face  and  making  the  angle  0  with  AA'  .  con>id<-r 
the  elementary  figure  to  have  a  dimension  of  unity  per- 
pendicular to  the  plane  of  the  drawing. 

Let  it  be  required  to  find  0  so  that  the  Cresses  on 
OP  will  l>e  normal  and  therefor,  cither  the  maximum  or 
minimum  stresses  in  tin-  bodv. 


\r 
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th«-  iui.-iiHf  y  of  8tmw  on  Or,  t! 

+qXA<  }Jt  -gcol  9.       («) 


or        -- 


(8) 


Subtracting  the  second  form  of    In  from  (a), 
Py-p,-g(cot  0-tan  0)-q — 7~jT  "< 
..i   tan  20- •—.     The  solution  of  thi»  gives  two  vi 

DM  — — *  J^* 

of  0,  one  of  which  rorrrspomls  to  OP  and  tin-  nthrr  to  OP*. 
Further,  multiplying  (a)  by  (6), 


-  ± 


P  - 


-  HP.  +  P,  ±  V(p.-p.)«+49»] 
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The  two  values  of  p  given  from  (9)  correspond  to  the 
mum  and   minimum   values  and  occur  on  cither  OP 
or  01' 

For  an  extended  treat men!  of  the  subject  of  combined 
stresses  see  Wood's  Analytical  Mechanics,  Chapter  V. 

If  either  or  all  of  the   quantities  p*,  py  or  q  have  a 
ion   opposite  to  that  shown   in    FMJJ.   <W  they  should 
be  entered  in  the  formulas  with  a  minus  sign. 

The  planes  of  maximum  shear  make  angles  of  45°  with 
the  lines  of  maximum  direct  stress. 

The  amount  of   pw  is  small,  except  for  large  concen 
trated  loads,  with  reference  to  pr  and  7.     If  pu  he  neglected, 
at    the   end   of  the   beam   where   px  =  0  the   angle    0  =  45° 
and  p  =  q,  that  is  the  direct  stresses  are  equal  to  the  shears 
in  intensity  and  make  an  angle  of  45°  with  them. 

If  py  be  neglected,  at  all  points  on  the  neutral  axis 
where  pf  is  zero,  p=q  and  makes  an  angle  of  45°  with  the 

In  determining  the  location  of  the  plane  on  which  p, 
the  principal  stress  intensity,  is  a  maximum  note,  the  values 
of  the  component  stresses  and  inspection  will  show  about 
the  direction  the  resultant  must  have.  If  difficulty  occurs 
in  applying  formula  (9)  it  will  be  better  to  derive  a  special 
formula  for  the  case  at  hand. 

PROBLEM 

6a.  A  plate  girder  of  14' effective  length  carries  a  total  load  of 
10,000  Ibs.  per  linear  foot  of  length,  tin-  lo.-i.l  bring  applied  to  the  top 
flang?.  Consider  the  structure  to  be  solid  and  of  a  cross  section  com- 
posed of  4  angles  4"X4"Xi"  and  1  plate  24X*",  a*  shown  in  the 
>ketrli,  determine  the  maximum  stress  intensity  and  the  direction  of 
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its  action  at 


for  point*  No*.  8,  7, 


PlO.tti. 

This  problem  is  so  important  for  a  proper  understanding 
of  thr  stress  distribution  on  web  platen  that   it   in  com- 

,\  v,,u,.,i  fur  points  Nos.  3,  7,  9,  11  and  15,  anil  : 
of  thr  computation  n.a.lr  for  thr  mimming  |".iut-.  in  what 
follows  in  thi>  artidr.     In   Fig.  fa  arrows  a*"  -ward 

,'mt    in.!  .nipression   and   away   from   tin- 

ion. 

Thr   compulations  for   pf,   p,  an>l    <{  .-limiM    U-    mule 
about  as  follov 


5.56X4 
4X3.75X10.82^1756.08 


ints 


-•J 

3fx-0 
A/fl  -2,  205,000  in.-lbe. 

-2,940,000  in.  -Ibs- 
1  m.15,  p,-0 


1  .     ,,- 
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At  points  Nos.  7  and  9,  p2  -  '-  .  3,740 


At  points  Nos.  1  1  and  15,  —    -10,000 

QU=2X3.75X10.82^    Mi:, 
+  2.00X10.00-  20.00 


101.15 

Q7-2X3.75X10.82=  81.15 
•J.  00X10  •  20.00 
2.00X6  IJ 


113.15 
=  113.15+2X2     =117.15 


g-F-g-for 


-    3  "  V  "  .5  =  M'000  X  '°"3  =  696° 


OOOOX.0853  = 


From  formula  (7)  there  is  found 


833J-  833J  X.  5 
at  No.  3,  py  =  -        —5— 

833j-(833j).3Q4 
at  No.  7,  py=  -- 


'!-(416§+416}).121      733 
at  No.  ll,pv  =  -  —JT—  -J-  —  1470 

Values  of  Q,  H,  and  -rj-  should  be  tabulated  as  folio- 
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11 


*   -  ^ 

r    0000                            r 

-i 

I|r?l1>         "               „  -M 

• 

- 

'    <W          •                 -  4 

• 
rf  » 

Mil    1 

-  ******       J 

104  v 

- 

Km  10* 

•    nnin              __—          • 

Jj 

1  in  H7A 

•     /Mrm                  | 

,*  7 

•    IKMM                    -       -  *- 

. 

•Sfl                   ,                               I 

"    «»2              ,       ,             • 

117    I- 

o-.ua                              . 

I  i...  Off. 

\i      tin-  an-:.  '        II       I  _»5  4-  .75  -  5.00 

sq.in- 
^a-tl  ion    No    10  - 5.00  •»•  1.50- 


Valucs  of 


I        .»17 
' 

.\  \  MS] 

-Fx.121 

-r 

X»  -Vx.304 

X9  - 

x!,-vx.- 
x,,-rx.5oo 


A. 


A7 


-I'X.550 

^,4-rx.5w 

.4u-rx.04ft 
-4,6-rx.69fi 

x,7-  r  •  :r s 

X,,-rx.790 

r  .  .R35 


-Tx.919 
-Fx.«' 
.42J-Tx.983 

-rx.iww 
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At  No 

2X6960    13,920 


20 -86° -36" 
0-43   -18" 

p  =  }[0  +  830  ±  V(830)2  +  4  (6960)2] 
-J[830±  13,940] 
-+7380-6550 


At  No.  7: 

2X3360        6720 
~  1240 -3740     2500- 2b 
26  =  68°  -10' 
0  =  34° -05' 


p  -  J[3740  + 1240  ±  v  (2500)2  -h  4(3360)*] 
=  §[4980  ±7170] 
=  +6080,  -1100. 


At  No.  9: 

px  =  -3740 


833i-833JX.696 

~T5~~ 
3360 
2X3360       6720 


=  57°-50' 


p  =  j[_  3740  +510  ±|/(4250)2  +4  X33602] 
=  J[- 3230  ±7950] 
-  -5590,  +2360. 


A    ol     UhB    IM.M 

At  No.  11: 

2x0 
tan  2 


1470-10,000 
1-0 


p  -  1(10,000  -I-  1470  ±  V(B&30)»  +  4XOJ 
-1(11,4  70  ±8530] 
-  +10,000,  +  1470. 


At  No. 
p,-  -10,000 


q-Q 

2x0 
tan  -0*200  -10  000  "*"  ton^iitesimal-H-  WOO  ±10,200) 

0-90orO 

p  -  1[-  10,000  +200  ±  V(10,200)1+4X(0)*] 


ART.    7.     AREA   OF   WEB   PLATES 

The  preceding  article  ha*  shown   that   the  Btmwe*  in 
the  web  of  a  plate  pinlrr  arc  of  great  1  tions 

and    intni-iti*-.      The   tniMlr  stresses  need  an  adequate 
amount   of   inatrrial   t«>   n->i>t    tlu-in.   tin-   amount   of  \\ 
is  a  direct  function  of  the  stress. 

The   action   of  the   com  press!  ve  stresses  is  aupnn  : 
to  a  much  greater  degree  than  for  tension,  by  secondary 
Stresses   if   tin-    material    U-   e\vn    very   .-lightly    lurking   in 
uniformity.     That    is,  a  certain   kind   of  column   action   is 
set  up. 

The  maximum  tensile  and  com  press!  ve  stresses  in  the 
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web  cross  each  other  at  right  angles;  at  tin-  neutral 
they  are  approximately  equal,  ami  mak.'-  ftDgfa  of  approx- 
imately 45°  with  the  axi-  and  equal  the  -hearing  stre886fl  in 
intensity:  above  the  neutral  axis  the  cnmpiv--i\ v  Btrefifl 
intensity  is  increasing  while  the  ten-He  is  decreasing:  beln\v 
the  axis  tin-  opposite  relation  exists. 

The  shearing  stresses  are  of  the  greatest  intensity  at 
the  neutral  axis,  on  horizontal  and  vertical  planes,  for 
any  cross-section.  At  the  cross-section  where  the  greatest 
resultant  shear  occurs,  there,  on  the  neutral  axis  will  be 
found  the  maximum  shearing  unit  stresses.  For  simple 
-pans  the  shear  is  a  maximum  at  the  ends  of  the  span. 

It  is  the  practice  to  design  web  plates  SO  that  they 
will  resist  the  -hear  at  the  point  of  maximum  -hear,  and 
have  enough  thickness  to  provide  ample  bearing  for  the 
rivetfl  connecting  flange  angles  to  the  web:  this  latter  very 
frequently  determines  the  thickness  of  the  web  plate.  The 
n  of  the  web  plate  is  also  governed  by  practical  con- 
siderations, such  as  requirements  for  handling  in  shop  and 
field  and  requirements  to  resist  corrosion. 

The  best  practice  requires  as  a  minimum  for  tin  thick- 
ness of  girder  webs:  A"  for  railway,  jf"  for  highway, 
and  A"  for  building  work.  It  is  the  practically  univ 

in  to  make  the  web  plate,  for  a  girder,  of  uniform 
on  throughout  its  length. 

The   shearing   unit   stress   should    be    about   20%    leflfl 
than  that    used    for  direct    ten-ion,   that  is,   where    Pi.ooi) 
is  u.-ed  for  irn-ion,  13,000  is  a  con-i-tmt  unit  for  the  max- 
imum shearing  st  res-  inten.-ity.      Where  the  ^hearing 
is   assumed   to   be    uniformly    distributed    over   the   girder 
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web  lhi>  unit    lioultl  be  reduced  to  10,000  I bs.  per  square 
inch  ami  to  tin-  n.-i  -.  •  MMI. 

Tin-  web  plate  is  also  designed  to  resist  any  u-nd« 
to  buckling  or  sidewise  failure.     The  tensile  straws  » 

>n  any  element   of  the  web  tend   t<-  pull  the  fVfttal 

back  int.'  oper  position  if  from  any  ran*-  the  ,  1.  nirnt 

placed    lat. -rally.      In    the    portion   of   the   web   below 

tli.-   n. -ii uai   axis  the  exeess  of  tensile  over  compmsive 
Stress  would  give  a  component  per|H-n.iirular  to  th- 
which  unuM  tend  to  take  out  any  hurkk*  that  might  exist. 
In  the  portion  above  the  neutral  axis  the  rorivupondtng 
component  would  tend  to  in<-reaae  any  burkl 
readily  be  seen  by  a  study  of  I 


FIG.  7a. 


I  ;..    :> 


In  order  to  .i.t. -rrnine  whether  a  wel.  needs  stiffening 
an  investigation  which  will  lead  to  a  safe  structure  can 
l><  made  on  the  following  basis: 

Formulas  (8)  and  (9),  of  Art.  6,  show  that  at  the 
neutral  axis  of  the  ginler  the  maximum  resultant  com* 
pressive stress  intensity  approximately  .  .pniLs  the  maximum 
>hearing  stress  intensity  and  that  the  line  of  its  a 
makes  an  angle  of  about  45°  with  the  neutral  axi>  \ 
compresMve  unit  stress  .  .jual  to  the  maximum  Khearing 
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stress  intensity  is  therefore  assumed  to  act  along  the 
clement  of  the  web  having  a  length  of  /  in  Fig.  76,  and 
this  must  be  less  than  the  permissible  unit  stress  for  a 
column  of  this  length.  Assuming  that  a  safe  unit  stress  for 
a  column  is  given  from  tin-  formula 

P-  16,000  -70p 

the  notation  for  which  needs  no  definition,  the  16,000 
should  be  reduced  to  12,000  if  the  average  shearing  unit 
stress  is  used,  as  the  maximum  unit  compression.  The 
formula  then  becomes 

P  =  12,000  -52.5-. 

Substituting  for  /  and  r  their  values, 

,    and    r  =  .29J, 

where  /the  t  hickness  of  the  web. 
The  formula  then  is 


P  =  12,000  -52.5          =  12,000  -257.5y  .     .     (a) 

As  the   tension   in   the   web  below   the   neutral   axis   will 
prevent    huekling,  the  value  of  d  should  be  ^,  and  as   the 

tension  in  the  upper  half  of  the  web  helps  to  prevent  buckling 
the  constant  may  be  divided  again  by  2,  the  formula  then 
being 

P-  1  2,000  -G5j-  ......     (10) 
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It  should   I*  •  «|iiaU  <  illu  r  tin-  <  leftf  TJIittliflC 

lHt\\.,ii  Han-.   aiiglr*  or  MifT.  new. 

To  show  the  im-tlmd  i.f  applying  thi*  formula  lo  » 
web  >iui.  n.-n*  are  necessary  l.-i   th,    -  ^.  5o  br 

examined. 


Tl.-  ::in^  unit   stm»    •»    »>  k     -8&80  lh>. 

per?-  neb, 

Aft  y  4ft  ^ 

Tl.r    all-.uMhl,    unit    Htnwl2,(MM)  '-12,000 

•  t  3 

-8420-3580  Ibe.  per  squan   iurh. 

As  the  actual  stress  exceeds  the  allow  ah!,     the  web 
must  be  ma.lt-  thirkrr  <»r  tin-  >tiffrnrr>  |»lar«-.|  <  lo*er  log* 
or  rise  both  coinl»in.-.l. 

If  the  web  be  made  I"  thick 

ige    shearing     unit    stress-—         --64*50  Ibs. 


per  square  inch. 

allowal.lr   shearing   unit   stress-  12,000  - 


-12,000-6300-5700  Ibs.  per  sqtian-    inrli.  \\-\iic\\ 
that  the  \\rh   inu-t    Ix?  further  thirkciird  or  the  i*tif! 


If   the   web   be   made   ft"   thick   and   stinYncrs  placed 
30"  apart   in   the   clear  the   average   shearing   unit    stress 

l;!;{;:;?°-7380  Ibs.  per  aquarr  inch. 

«•.:•  •  .;<> 

Tin-    allowable    >ln-aring    unit    >tress   -12,000  --   -jrr- 
-  12,000  -4420  -7580  Ibs.  per  sq.in. 


u 


NOTKS 


DKSKiX 


PROBLEMS 

l'i.  The  accompanying  sketch  »hm\s  ih,    .T<>SS-S< •« -tion  of  the  girder 
of  Prob.  6a  and  the  cun'e  of  unit  six  ;u    distribution.     Construct   the. 


FIG.  7c. 

figure  to  three  times  the  size  of  the  sketch  shown  and  write  in  tin   v.- 
of  the  ordinates  to  the  curve  at  points  \"  apart  from  the  t<>|>  t(.  the 
bottom  of  the  section. 

76.  Are  stiffenere  required  on  the  web  of  the  girder  of  Prob.  6a? 
If  not,  show  it  by  computation. 

7c.  What  is  the  minimum  thickness  permissible  for  the  web  of  the 
girder  in  Prob.  6a? 


ART.   8.    STIFFENERS   FOR   WEB   PLATES 

Stiffcners  have  several  important  functions,  the  chief  of 
which  are: 

(a)  They  keep  the  web  from  buckling,  due  to  the  com- 

1'icssive  stresses  in  it. 

(6)  They  help  hold  the  compivssinn  flange  from  lat«-ral 
failure  as  a  whole  and  from  failun    in  detail  in 
any  direction, 
(c)   They  are  used  to  relieve  the  rivets  connecting  the 
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loaded    flange   to   the   web,   by   tram»fi-rring   the 
loa»l  direetly  t.i  the  Web. 

(d)  They   are   uwd    i,,   reduce  to  prqper  amount  the 

Ten*™,  on  horizontal  plane*,  in  the  web 
brought  by  lo<  nt  rated  load*. 

(e)  They  help  hold  tin    \\,-|,  triir  to  .-lm|*-  during  man- 

ufactun*  an«l  «-n  ••! inn. 

According  t.»  tli.ir  principal  function*  thi-y  Khould  be 
into  two  general  rlaiwM,  intermediate  th/encrt, 
which  an-  chirfly  US.M|  f«»r  the  pur|>o0efl  of  (a),  (6)  and  (•); 
concentrated  load  sti/enera,  for  (c)  and  (d),  although  each 
class  jHTfonns  all  tin-  functions  of  cour--.  Inti-rmrdiaie 
stitlcners  act  as  a  beam  standing  vertically  to  rc»i*t  lateral 
<lU|>lu(viiu>nt.  They  are  generally  inad<-  of  angles  in  paint 
and  riveted  to  the  girder  web  as  shown  in  Fii:  Sa.  The 


1 


1    !,.     V, 


legs  of  the   MitYening  :i  hirh   are 


the 


the   neutral  a\i>  of  the   pair  and   iherefow 
be    only    lar:  ;gh    to   receive    the   connecting    riveU; 

a  3J"  leg  for  J"  rivet  ami  3"  leg  for  \"  an-  •  nough. 

The    width    I   of   the    nutMamling    1«  •£«    i-    the    principal 
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clement  of  efficiency  for  resistance  to  transverse  displace- 
ment. A  common  rule  is  to  make  the  width  of  the  outstand- 
ing leg  (0)  equal  to  the  depth  of  the  girder  (d)  in  inche* 
divided  by  ao  plus  J".  or  expressed  as  a  formula 


,£+.." 

30  +~  ' 


•     •     .     (ID 


The  following  is  a  common  method  of  locating  inter- 
mediate Mitten, 

Intermediate  stiffeners  should  be  used  at  points  as 
re<iuired  by  (10)  or  wherever  the  unsupported  depth  !>ei\\< •< -n 
flange  angles  is  more  than  (16^  times  the  web  thirkm •>-. 
Where  intermediate  stiflfeners  are  required  they  should 
never  be  further  apart  in  the  clear  than  the  clear  distance 
between  the  flange  angles,  with  a  maximum  limit  of  .V. 

Concentrated  load  stiffeners  act  to  transfer  a  concen- 
trated load  into  the  web  or  to  transfer  the  girder  load  to 
a  support.  The  sketch  of  Fig.  86  will  illustrate  both  cases. 


aft.' 


110000 


-101 


.  -,-71  -wo 


FIG.  86. 


The  girder  here  shown  being  loaded  with  three  con- 
centrated loads  of  180,000,  and  its  own  weight  of  250 
Ibe.  per  linear  foot.  The  lines  of  maximum  web  si 
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for  a  girder  of  '  racter  an*  very  dinYrnit  from  il 

of   the   girder  of   problem  tta.     If  -u.-h   a  girdi-r  were 
-trueted   without    -tinVn.-r-,   ami   formula     .  applied 

•.ding  tin-  int.  inty  of  ;;„,  thbt  intermity  would  be 
found  to  IN-  v.-ry  high.  The  heavy  vi-rtiml  -tifTrneni  an? 
added  to  transf  i  of  they  loa<U 

the_ou[ 

of  the  center  of  tin-   \\,  -h.  an.l   th.-rrl.N  -»ii-n- 

j*ity  of  vcrtK  al  stn-ss  on  hori/oiital  plains  ju-l  at  thi-  inner 
edgy  «»f  tin  tlan^.  aii^l«->.  ThoiM*  xtifTrfu-r*  rannot  fully 
accomplish  tli.-ir  oi,j.-,-t.  a>  thry  an*  of  -  nntrrial  and 

:!i.  \     at*     -hnrtcncd    by   compreii8iont    and,    a.««    they    are 

•..-.I  to  tii.-  \\.-h.  the  web  anil  -tifTrn.-rs  move  tog* 

•t   for  a  variation  .lu«-  to  tin-  •Irfi.rriiatimi  of  tin*  r 
Th»«  .stitTmrrs  also  servo  to  n-lu-vr  tin*  flangr  rivi-t.*  from 

thr  r^inpoiu-nt   «lin-  to  tin-  v.-rtiral  lna«l. 

iTi'iirrs  Mipportinn  rm»n  -lit  rat.  -.1  InaiU  may  l>r 


..hmm>   with   thr   forniiila   /'-  16,000  -70-,  in  which  / 

shoul«l  IM  taken  as  on<  -half  the  pnlt-r  d.-pth  ami  r  an  the 
railius  of  gyration  aUmt  an  a\i-  in  the  longitudinal  center 
line  of  the  ^ini- 

YY  ihined  Htn*w  intensity  on  a  web  plate 

exceed-  the  allowable  unit  stress  the  stresses  may  be 
!»\  means  of  side  plates,  as  *hov  .>tt<-d  lines. 

Where  the  mnreiit  rated  loa«l  .-tifTi-iu»ra  are  at  theVnd 
of  a  girder  they  should  have  their  outstanding  lc*g  about 
equal  to  the  horizontal  the  flange  for  the  sake  of 

good  appear:  .d  where  it  b  desin  d  to  fare  the  mds 

of  such  girdrr-  the  >tifTening  angles  must  be  macle  ti 
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by  V  than  theoretical  considerations  determine,  to  allow 
for  material  removed  by  >uch  facing. 

PROBLEMS 

8rt.    Determine   th<  I    the  end   MilTeners   for   t  !„•  girder  oi 

."»•».  using   two   ;  nijrles,  one  on    the   outer   and    our    on  tin-    inner 

edgC  of  tile  sol,-  plate. 

8/».   Assuming  the   wall   plate   to  U-    IS"  long  for   I  itr.   •"»«.   determine 
.ml  spacing  of  the  intermediate  stifTeners  lor  th«-  girder. 

8r.    DfMfrniiiir    the    sizes   of   the    stiffened    af    the    points    of   eoiKen- 
t rated  loading  for  the  girder  of  Fig.  86. 

&/.   Determine  the  sizes  and  spacing  of  the   intermediate  stifTen.  ;s 
for  the  girder  of  Fig.  86. 

ART.    9.    SPLICES   FOR   WEB   PLATES 

\Vel>s  of  plate  girders  shouM  not  be  spliced  mile»  n. 
sar\ .  but  as  wide  plates  cannot  be  procured  in  one 
neral.  for  girders  over  60  ft.  long,  splicing  for 
girders  is  unavoidable.  The  manufacturers  furnish  li>ts 
of  the  inaxiinuin  dimensions  of  their  plates.  The  number 
and  location  of  the  \\el>  -plices  should  be  determined  by  a 
combined  consideration  of  the  cost  and  resulting  efficiency 
of  the  possible  arrangements.  The  splice  should  he  de- 
signed with  the  idea  of  transferring  the  stresses  in  t  he 
web  across  the  cut  in  the  most  direct  manner  possible, 
JIIM  as  in  plate  girder  design  as  a  whole  the  effort  should 
be  made  to  have  the  stresses  developed  as  indicated  !>y 
the  theory  of  flexure  for  solid  beams.  Let  it  be  require*  1 
to  >plice  the  web  at  the  center  of  the  girder  which  has 
an  effective  length  of  80',  and  a  composition  as  shown  in 
Fig.  9a. 

The  girder  has  been  designed  on  the  assumption  that 
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1   the  groHH  acea  of  the  web  U  a  a*  fUng,    af,  a 

.iii.ufi,  U -ii.lin^    moment  -  6,300,000  ft    lu      The* 
iiultaneou*   with    thi*    moment  -  0.     The 
maximum   '  r-75,000    llw.,   and    the 

moment  >iiiiiiliain-nii>  \\ith  t  his -3,400,000  ft. -1U. 


Fia.te. 

Tin-  flange  an»a  is  ma.lr  up  of: 

J  web  -96  X  A  X|  -   5.25  nq.in. 
2  an-l,-  s  x8  X32.7  -  19.23  -2.50  -  If. 
1  cover  plate  20  X|-  10  -1.00-   9.00 
1  covrr  i  .hit.-  JOXi-10-1.00-    9.00 

a  total  of  :w  '^  -.|  in- 

The  simplest   form  of   \\.-l.  -plice  conmU  of  two 
tical    plates    t<  rinin  the   top   and    Ix.ttom    by   thr 

vrrtical  legs  of  the  flange  angles,  hut  this  makes  a  normal 
ibution  of  tin-  \\.-l.  Mn-sses  impofwible  in  the  vicinity 
of  the  splirr.     Tin-  n-Miltaiit  of  all  the  forcet*  on  any  beam 
cross-section  may  be  represented  by  a  shear  and  a  couple 
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as  is  well    known   from   mechanics,  but  the  proper  form 
of  splice  should  be  designed  with  reference  to  the  distri- 
bution of  these  forces.    The  portion  of  the  web  between 
the   flange  angles  is  so  near    the    extreme 

riftf.— y        fiber  that  tin-  stresses  may  be  assumed   to 
/         be   horizontal  throughout.    The  flange  unit 
stress  has  been    taken    at     10,000   Ibs.;    t  In- 
bearing  and  shearing  values  for  rivets   will 
be  taken   to  correspond  to  this   at  24,000 
and    12,000   Ibs.   per    square    inch    respect- 
ively, or  at  50%  more  and  25%  less  than  for 
FIG.  96.          tension.     The  thickness  of  the  splice  plates 
should  be  sufficient  to  transmit  the  maximum 
possible  stresses  which  can  occur  at  the  point   of  maximum 
stress  in  the  splice. 

The  total  stress  on  the  portion  of  the  web  betw.  ••  n 
the  flange  angles  =  (8"  -I")  X &  X14,667=  44,800  Ibs.;  the 
least  that  can  be  used  for  this  part  of  the  splice  will  he 
2-7 X|  flats  for  each  flange.  The  net  area  of  these  two 
plates  =  4.5  sq.in.,  while  that  of  the  strip  of  the  web  =  3.06 
Ml.in.  The  bearing  value  of  the  rivets  is  less  than  that 
for  double  shear,  hence  one  rivet  is  worth  9190  Ibs.  at 

43  75 
the   edge   of  the   web   plate   and    9190x-j^- =8350,  an 

average  for  this  part  of  the  splice.     The  number  of  rivets 

A  A    Qf\/\ 

on  each  side  of  the  splice  for  splicing  the  strip  =     '   Q 
=  5.37  or  6. 

For  the  condition  of  maximum  moment  there  is  no 
shear  at  the  splice  and  the  web  stresses  are  horizontal. 

The  number  of  vertical  rows  of  rivets  Is  evidently  a 
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function  of  the*  ]  pit  «•!,,  t  hi*  more  vertical  row*  the 

greater  the  \.-rti«  al  pitrh 

Let  IT  -tin-  pitch  of  t)n>  rivet*  in  a  vertical  <lirrctioo; 
II  —  nuinl>er  of  v.-nii-al  rowg  of  riv 
d-  distance   from   the   neutral   axis  to   horiiontal 

row  of 
For  three   v.  rti.ul  rows 

(t0-l)AXl6,OOOX«f/48-3x9190xd/48 

u>-  34.570/7000  -4.94",  aay  4J". 

For  two  \«  it  i<  al  rows 

(tr-l)Ax  16,000  Xd/48-  2  X9190xd/48 


or 

w  -  25,380/7000  -  3.62,  sav 

r    this    >|»li.  rtical    rows   on   earh    -i.i«- 

4}  will  Lx»  used,  as  it  gives  a  web  plate  \\ith  I.—  r-h, 
of  strength  at  tin  >pli< 

Tli.    -i  .!!.•••  should   now   be  exumiiu-d   for  tin-   rane  of 
75,000  sh  !  Miimltunt  ous  moment  of  3f400vOOO  ft.-lbs. 

9190x95 

oin  (5)  the  flange  pitch  at   the  center  P*    75000 

=  11.0"  for  no  part  of  the  web  acting  as  flange.  The 
flange  as  designed  uses  5.25  sq.in*.  of  the  \\.  I,  for  flange 
area;  the  pit.-h  <>f  th*  riv.ts  connecting  the  flange  angles 

K)X96  39.98 

to  the  web  is-          --U-6X-13 


The  7xJ  flats  on  th<  il  legs  of  the  flange  angles 

will  therefore  be  made  to  tak.-  al*»ut  «»  «»r  8  rivets  on  each 
side  of  the  splice. 
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For  a  web  splic,  :it  M.me  point  other  than  tin  center  of 
the  girder,  the  numlx  -r  of  rivets  in  the  flange  plates  on 
the  side  toward  tin-  center  will  In-  the  number  required 
for  splicin.i:  the  web;  on  the  side  toward  the  end  the 
number  will  be  the  sum  of  those  for  connecting  flange  to 
web  plus  those  for  web  splicr. 

The  extreme  fiber  stress  on  the  web  for  a  moim-nt 
of  6,300,000  ft.-lb>.  was  Hi.0()0;  fora  moment  of  .'5,400,000 
ft.-lbs.  it  is  8630.  For  the  strip  of  web  between  the  flange 
angles  tlie  previous  determination  is  evidently  ample.  A 
study  of  the  stress  intensity  at  different  points  in  the 
web  for  this  condition  of  loading  would  show  that  the 
a  intensity  was  nowhere  as  great  as  for  the  case  for 
which  the  splice  was  designed. 

A  safe  resultant  rivet  bearing  of  9190  should  not  be 
exceeded. 

The  vertical  component  on  a  rivet  at  either  edge  of 
the  main  splice  plates  will  not  exceed  75,000/54  =  1390 
Ibs.,  the  horizontal  component  =3.5  X  &  X8630X  38/48  Xj 


v: 


=  3480  per  rivet.    The  resultant  -  v  1390"  +3480"  =3800. 


PROBLEMS 

9a.  What  is  the  relative  efficiency  of  the  unriveted  plate  of  Fig. 
9a  to  that  of  the  section  of  the  plate  through  the  first  vertical  line  of 
rivets  in  the  splice. 

Ob.  Compute  and  compare  the  resisting  moment  of  the  rivets  in  the 
splice  of  Fig.  9a  with  that  of  the  net  section  of  the  web  plate  through 
the  first  vertical  line  of  rivets. 

9c.  Make  a  sketch  of  a  splice  for  the  girder,  using  only  two  vertical 
rows  of  rivets  on  each  side  of  the  splice. 
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ART.   10.    SPLICES   FOR    THE   COMPONENT   PARTS  OF   THE 

FLANGES 


1    thl     Component  part*  of   n^r.l.r    flange 
I  r  urciiwarv 

einerp  inn-    ||,.  '.ifigr 

angle>  an.  I  COVei  |-!:ii,  I,  for  ginler-  of  tin-  iiiaMintiiti  U  n*th 

U-     nlitame.l     id     n  i,.  'ril«-    rn.l     nf    A 

l"ii^  pieces,  I.  high.  .in.-  to  the 

i  -\peii-e   i.  f   -hipineiit    in    I.--   than    pr«.|  r  thr 

ihr   roin|ilcti-<l   vtniclun-    may    U-                   !it.  a*   to 

it    a>ivisahlr    t«»    jM-rinit    -j.lirjn-   ..f   .  Min|M,i,,-i,t  |iartn 
of  tin-  t: 

Mi:.       an^lr     >|»lirr>     >linl||il     IN- 


•••>.-  <>f  Hangr  HTtimi  ovi-r  tin* 

rc.juin-.l  aiiioiint  ; 

6.    It.-i  \\.-ni    ailjarcnt     pair-    «.f    >i  itT.-n.-r-.    \\li.-n-    (limp 
nf  -tin,!;.  far  enough   a|»«rt   to  jM-rinit 

a  Splice  of  |>ro|MT  length  In   IH     ma 
r.    So    that    not    more    than    two    flange    angl,  -    -hall    In- 

>pliee«l  in  any  rm  ----  eetion  of  the  gir- 
d.  So  that    the    Mange    angl.  •-   »n      !>)>OKiU»  nUInt   nf   t  h, 

gir«ler   flange*  will  lx»  hpliee.l  on  oppo>it«-   rfdi 

the  eent«T  of  the  ginliT. 

The  split-ing  material  >hoiil,|  U-  ,li-pn-.-,l  \\ith  r- 
to    the    >hape    «»f    the    H-etion     >plirr.|.      The    -plire    for    an 
\\ith   e.pial    legs   should    U-    inmle    1«>    :t  ;mglc 

with  two  e«|ual  legs.     Thr  n  leg  of  tin-  >pli«v 
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should  equal  the  net  area  of  the  lei;  -plic.-d.  Iii  Lieneral 
in  splicing  or  connecting  material  undo  tin-  >pli<v 

OF  connection  should  be  arranged  to  avoid  any  redistri- 
Imtion  of  stress.  This  requires  that  angles  with  unequal 
legs  be  spliced  by  cover  anglo  with  unr<|iial  legs,  and 

that     the    net     area    of    each     leg    of    the    one     In-    e«|lial    to    the 

net  area  of  each  leg  of  the  other. 

The  number  of  rivets  in  the  splice  <»n  each  Bide  of  the 
point  where  the  angles  are  cut  should  he  determined  with 
care.  The  duty  of  the  rivets  in  developing  the  flange 
-tress  as  well  as  in  connecting  the  splin-d  parts  should 
he  clearly  understood.  For  the  purpose  of  illustration  let 
it  he  supposed  that  for  the  girder  of  Fig.  5«  the  only 
material  available  for  the  flange  angles  is  I  angles  oXGXj 
Hi'  \\"  long  and  4  angles  6x6Xi  -28'  A\"  Ion-.  This 
makes  it  necessary  to  splice  the  bottom  flanp-  at  a  point 
('>'  from  the  center  of  the  girder.  l4'i,Lr.  10  .-hows  the  splice 
in  considerable  detail.  The  net  area  of  the  two  angles  =  9.52 
>«j. ins.,  and  this  at  16,000  =  152,320  Ibs.  as  1  he  strength 
which  must  be  developed  by  both  the  rivets  and  air. 
of  the  splice.  Two  6X6X&  angles  with  the  le«:s  cut  to 
5i"each  and  the  corner  of  the  an^le  planed  so  to  lit  the  fillet 
of  the  flange  angles  will  be  used  for  the  splicing  material. 

The  -hear,  at  the  point  of  splicing,  simultaneous  with 
maximum  flange  stress,  is  50,000  Ibs.  The  pitch  of  the 
rivets  cannot  be  less  than  o"  in  each  line  without  reducing 
the  flange  section  (see  Art.  :*). 

The  horizontal  flange  increment  /  per  rivet  from  Formula 

^0  OOO 
(5)« — £<r-X3  =  2540    when    none    of    the    web    i-    a»umed 


B 


i  rB 


to  act  a*  flange  area;  for  •  r,  2.HI  »M  u, 

*•  •«  mudiiiM-.l  to  art  a*  flange  an-a.     Tin-  value- 

1  M 

of  /  th.-n  loro  in  2540  -254<*  290-2250  IU. 

»«i 


FIG.  10  (a  and  6). 

Fig.   10  (c)  shows  tho  forces  on  a  rixvt   through  tin- 
ami   v.-rii.-.-il   lr«:s  of  the  splice  ami   flange  anglr.n  «lu<    t«- 
/. 


rw-t. 


Fig.    10   (<i  -    the   forn-H  on   a  ri\vt    thmugli 

l.  an.  I   vrrtiral  logs  of  the  9|>lirc*  ami  flange  angle*  tin. 
-j.li.-in-.  forth.-  left  portion  of  the  aplet. 

j,   10   (e)  shows  the  forces  on  a  rivet    through   tin- 
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web  ami  v< -meal  legs  of  the  splice  ami  flange  angle-  due 
to  splicing,  for  the  right  port  inn  «»f  tin-  splice. 

The  unit  stresses  on  tin-  rivet  will  In-  taken  at  1J.OOO 
Ibe.  per  square  inch  for  shear,  ami  'J  1.000  II)-.  per  square 
inch  for  hearing. 

Consideration  <>f  the  forces  on  the  rivets  and  the  thick- 
ness of  flange  and  splice  material  shows  that  the  shearing 
value  of  the  rivets  is  the  determining  one  along  the  plane 
AA. 

The    number    required    in    the    vertical    legs  =2 — = 
•=5.3  or  6. 


FIG.  10  (/,  g  and  h). 

Fig.  10  (/),  (g)  and  (h)  show  the  forces  on  the  rivets 
through  the  horizontal  legs  of  the  flange  angles  of  the  top 
flange  splice.  It  is  readily  seen  that  the  number  of  rivets 
152,320 


required  = 


=  5.3  or  6. 


FIG.  lOt. 


Cover  plate  splices  should  be  located  so  that  a  simple 
lengthening  of  an  outer  cover  plate  will  form  the  splice. 
For  example  if  a  splice  were  required  in  the  first  cover 


\l<i.  I..  ANOTHER 


of    tin-   -ml.  >.   ii   -huuM    be  •pliccd   by 

:.ling   tin*   MTon.l    rnv.-r    a   .li-tanr.-    /.    \*ht«h    mii*t   be 
enough   to    prrinit    tin     1...  v...n    ,.f    n   prnpi-r   number  of 

,  -hu\\  u   hy  tin-  .loltr-l   In,,  -   in    Kl;'     1»» 


'•HI  I  M 


10.  Dr«gn  a  -i-li.  ••  for  tlir  rtanm*  niinU"-  o(   tU-  fpnlrr  U  Prot 

\\lll.-ll    shall    !*•    Ii«.-:ilri|    III    thl»    MIIIM'    jMHIil    Hi    lllr    Irfifth    erf    thr 

••  was  the  one  u**l  to  tUuttnUc  this  at 


ART.  11.    COlfNECTIlfG   OlfE   GIRDER   TO   ANOTHER 


prnl.lrin  uf   framing  nn«-   ginlrr  into  uii«i(ln-r  in  one 
so  friMjurnily  nirt  with  that  a  roi.u.-rtinn  for  two  mijaeeol 
stringers  and  thr  tloorlx-nm   U-twrm   them  will  IM*  designed 
to  illustrate    thr   im-ilm-l    of   making  the  com  put  at  ions  for 
h 


lid. 

Fig.  \\n  i-  a  lui.   .l:-a\\in^  «»f  a  plan  showing  the  relative 

on  <»f  ninlrrs.  floorbeaniK,  and  ntringens.     A  load  on 

i-  rarrir.l   tir>t   to  thr   tlo,,rU-aill8  at  iU  ends. 

Tin-   Boorbeara   oarriei  it   to  thr  t\r*\m  and  the  girders 

to   thr   al)UtI!lrllt>  or  othrr  rlJ.l   MJpporU. 
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The  >t  ringer  i-  composed  of  1  wel>  plate  27  Xj; 

4  angles  5X3JX13.6  (i"). 
Tin-  flnorlieam  i-  compose.  1  «»f  1   \\.-h  plate  38  X  i  ; 

4an.L'l-  :.  <3iXl9.8  (}") 

The  iiiaxiinuin  stringer  react  ion  is  <)7.S(H)  Ibs.  (//«  48,800 
I  in  p.  =46,600  and  dl-  2400). 

The  maximum  reaction  for  t\v<>  stringers  is  131,700  Ibs. 
(#-60,300,  Imp.  =60,600  and  $  =  4800). 

The  requirements  of  construction  will  be  assumed  to 
demand  that  the  bottom  flange  of  the  stringer  be  4J" 
above  the  bottom  flange  of  the  Hoorbeam.  The  connection 
between  the  stringer  and  floorbeam  is  made  by  two  ver- 
tical angles  which  are  riveted  onto  the  stringer  in  tin- 
bridge  shop.  The  rivets  through  the  outstanding  legs  of 
the  connection  angles  and  the  floorbeam  web  must  be 
field  driven.  The  unit  stresses  are  12,000  and  24,000  for 
shear  and  bearing  for  shop  riveis  and  20%  less  than  these 
values  for  field-driven  rivets;  J"  rivets  will  be  used  and 
the  connection  angles  will  be  made  J"  thick  so  that  after 
they  arc  faced  on  the  back  of  their  outstanding  legs  tiny 
will  not  be  less  than  j"  thick  on  these  legs. 

Fig.  11  (d)  shows  how  the  load  W  is  applied  to  each 
rivet  and  carried  to  the  stiffeners.  The  rivet  should  be 
examined  for  crushing  by  the  web  for  W  and  for  shear 

W 
forT. 

97  800 
The  number  required  for  <  i  u>liir>g  =  iny-nn  =9.3  or  10. 

1U,OUU 

(»7  SIM) 

For    shear    the    number  =       '-o"*^    or    ^*     ^ne    uPPer 


and   lower  rivet    in   the   lines  xx  and  zz  of   (b)  cannot  be 
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(•minted  for  thin  connection,  a*  they  have  other  du* 

nn.     '1  in  order  that  th.    riveU  be  not  fllosor 

than  3",  a  leg  for  the  connection  angles  which  will  contain 
2  rows  of  rivets  must  be  used.  As  10  ri\.  t»  are  required, 
a  ay ii  ;il  arrangement  demands  1 1 .  These  riveU  pam 

through    lillrrs  and  a  good   requiri-im-nt    i-   to  i-xtend  the 
for  ouch  cases  and  put  50%  additional  rivet*  through 


Pro.  11. 

thnu.     Many  good  designers  consider  it  allowable  to 
that   fillers   connected  to   web   plates   by   a  line  of  rivet* 
such  as   yy   increase    the    bearing  value  of  rivet*  in  lines 
xx  and  zz  by  the  mtire  bearing  value  of  the  riv«-t>  in  yy. 
Consideration  of  (c)  of   Fi^.    11   shows  that   it   uill  be 
t<»  get 

H  in  th.-   t\\«.  lines  oo  and  have  them  a  littl. 

r  3"  apart . 


58  NOTES  ON    PLATE-GIRDEB    DKSIGN 

18  rivets   in    tin-    two    lines    nn   and    have    part    of   them 
2}  an.l  part  3''  apart. 

Fig.  11  (e)  shows  how  tin    forces  act  on   a   rivet  con- 
necting  tin-   outstanding   Ic^s   of  tlic   connect  inn    an-l 
the  Hoorl)cani  wel>. 

The  bearing  value  of  a  field  rivet  in  the  I  met  thickn- 
stitYener  leg  is  C>300. 

The  shearing  value  of  a  field  rivet  i-  .~>77<>. 

For  the   maximum   stringer  load    the   number  of   rivetl 

97  800 
required  for  shear**   .1-..   =16.95  or  18,  which  would  enable 

two  lines  of  rivets  to  be  used,  if  part  of  the  number  are 
2j"  apart . 

The  rivets  must  also  be  examined  for  bearing  on  the 
floorbeam  web  when  both  stringers  are  bringing  their  com- 
bined maximum  loads  at  this  connection.  The  bearing 
value  of  a  field  rivet  in  the}"  floorbeam  Web  =8400  Ibs. 

The     number    of     rivets     required-    '     *(j       =15.6    or     Hi. 

which  is  one  less  than  the  number  which  are  required  for 
maxiihum  shear  on  the  rivets  for  one  stringer  loaded. 

The  number  of  rivets  by  the  second  computation  i< 
usually,  though  not  in  this  case,  the  larger  and  In-nee  the 
governing  one.  The  rivets  should  be  located  on  the  lines 
oo  in  (c)  of  Fig.  11.  The  two  fillers  under  the  connection 
angles  and  on  the  stringer  web  must  be  J"  thick  and  M" 
wider  than  the  angle  leg.  They  should  then  fore  be  9"  x}" 
flats. 

The  requirement  of  two  lines  of  rivets  for  the  ]••«  of 
the  connection  angle  against  the  stringer  web  demands  a 


UIX08 


<*»"    log.     Out-    lin.-    li.-twr.-n    mch    leg  of   the 

ami  the  floorl*  an.  \\<-l»  h\.-*  th.-  ui.ith  of  the  out- 

-  at  3J 

Tin-  rMiin.Ttioii  angle*  ranimt  In-  l«-w*  than  J"  in  tl 
ness.      I  of    ihi>  net   section    through    lines  rx 

and  oo  show*  them  to  be  ample  to  resist  shear.    Some* 
times  thry  muM  |N-  inrn-UMMJ  in  thn  knciw  for  this. 
Theconn«Tti«.ii  angles  are  tln-r«-forc  made  6X4  XI* 


I  KOBLEM 

11    m-xipi  the  connection  between  two 
floorbeam.    The  strinsjer  consisting  of 


and 


4  angles  5X3JX15.2  (A) 
The  floorbeam  consisting  of 

1  wcb34Xj; 

4  angles  5X3)  X  13.6  (i); 

overs  llxl. 
The  shears  being  the  same  as  for  the  example  solved  in  this  article. 


ART.  12.    END  BEARINGS 

The  cii'l  Ix'Arings  of  a  gfrdfef  must  r«r«  i\«-  the  load 
brought  to  the  rml  of  tin-  ^ir.l.-r  an.  I  «li>tribuU'  th«-  itame 
tlu-  masonry  or  other  support.  For  the  single-track 
ji'mlrrof  Art  1.  which  was  taken  to  illustrate  the  method  of 
fimlinj;  l(  nirths  plates  an  end  reaction  of  103,500 

Ibs.  was  assunuMl.  For  girders  less  in  Impth  than  60*  one 

of  the  ginirr  i>  lM.ltr.1  to  the  masonry  and  the  * 
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allowed  to  slide  on  a  plate.     This  arrangement  makes  the 

mination  of  the  reactions  |»o<>ible. 

The  area  of  the  bearing  on  the  wall,  assuming  the  bridge 
seats  to  be  of  granite  and  600  Ibs.  per  square  inch  as  a 

unit  stress,  should  l>e        '       -323  sq.in. 

It  is  not  advisable  to  make  an  end  bearing  of  the  simple 
nature    indicated   in    Fig.   12  too  long.     Tin    tendency  of 


FIG.  12. 

such  a  bearing  is  to  overstress  the  bearing  along  its  inner 
edge. 

The  upper  plate  of  the  two  shown  at  each  end  is 
called  the  sole  plate,  and  is  connected  by  rivets,  counter- 
sunk on  the  bottom,  to  the  girder.  The  bottom  of  tin- 
sole  plate  at  (6),  the  expansion  end,  should  be  planed. 
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The  lower  plate  of  the  two  shown  at  each  end  is 

wall  plate. 

face  of  the  wall  plate  at  (6),  the 

Mon  ,-!„!.  should  be  planed. 

The  wall  plates  are  held  in  position  by  the  two  anchor 
bolts  at  each  end. 

The  bearings  at  the  ends  of  the  girder,  when  of  two 
simple   plat.--.   -h..uld   not  be  too  wide,  an  the  tendency 
of  the  bearing  i*  to  overload  the  masonry  along  the  portion 
.  ,1  by  the  bottom  flange  of  the  girder. 

The  bearing  for  this  case  will  !*•  made  18X18". 

The  two  plates  which  project  beyond  the  bottom  flange 
angles  must  be  strong  enough  in  flexure  t<>  distribute  the 
load  on  the  bridge  seat.  Each  inch  of  length  of  the  plates 
may  be  considered  acted  on  in  a  transverse  dim  t  ion  by 
the  forces  shown  in  (d). 

Tin-  Ix-nding  moment  then 
-5400(9/2  -6.18/2)  -5400X1.41  -7614  in.-lbs. 

If  the  sole  an-  1  u  all  plates  be  made  of  equal  thick  neat, 
thru  th<  •:<:  moin.-nt  of  each  plate  must  be  3807 

in.-lbs. 

The  depth   (or   thi.-kness)  of  plate  required   may  be 


O?          O 

obtained  from  3/-^---3807  or  (P- 

and  d-  1.25"  about 

These  plates  should  neither  of  them  be  less  than  J" 
thnk.  .-  \vn  if  a  less  thickness  would  furnish  proper  strength. 

For  small  spans  generally  only  two  pairs  of  stiffenen, 
one  over  the  outer  and  the  other  on  the  inner  edge  of  the 
I,  are  used. 


6J 
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The  en. 1  stilYeiiers  for  tliis  case  should  l>e  .">x3J  angles 
and  their  radius  of  gyration  in  a  direction  transverse  to 
thr  web  i-  2.78"  approximately.  Tin-  required  area  for 


lltMO 


1 1 1 1  n  i  rrrt 


(d) 

I ...  1-J. 


>iinVnore» 


12.7  sq.in.     [P  -  16,000  - 


1  '.,000-750  =  15250]. 

Then-fore  -1  angles  5  X3J  Xl2(ft)  =  14.11  sq.in.  will  he 
ample. 

The  addition  of  another  pair  of  stififeners  over  the 
center  of  the  bearings  would  help  greatly  in  distributing 
the  pressure  over  the  wall  plates,  as  their  outstanding 


FIG.  12. 


legs  would  prevent  an  upward  deflection  of  the  plates 
and  angles  between  the  pair.^  of  stiffeners.  The  additional 
stiffeners  are  shown  by  dotted  lines  in  Fig.  12  (a)  and  (6). 


m 

A  IN -tt.  r  IH  ;1M!./  for  the  end*  of  this  girder  could  be 

by    making   it    -Imrter  in   the  direction  of  lengi 
the  girder  and  twing  either  a  caat  or  built-up  pedestal  to 
tmie  the  load  in  a  transverse  direction  an  in  Jndfoaiod 
in  (/)  and  (g)  of  Fig.  1  h  ..f  1. 

.-h..»dd  I  :me  (/)  or  (y)  should 

be  determined  from  tin-  lawn  of  tl.  \ur.  .  ami  direct  rtrm. 

u  ii  h  .  ;*  to  secure 

projx-r  «li>trihuti«.n  nf  tin-  load  on  the  maMUiry  and  proper 
:i|.|.li.-:iti..n  of  t:  :<>n  t,,  th<  -ir-l.-r,  a  bearing  fhould 

bo  used  which  by  m< -aim  of  itu  form  and  action  will  injure 
this  result.  This  is  generally  accomplushrd  by  means  of 
an  upper  and  lt.\v.-r  >ho,-,  I  Kith  of  which  may  fni-Iv  rotaUs 
about  a  pin.  These  upper  and  lower  shoes  should  have 


Fio.  12A. 

proper  bending  strength  and  proper  bearing  on  the  pin 
and    masonry.     These  shoes   may    be   either   Imilt    up  of 
rolled  material  or  cast  in  one  piece.     Their  detailed  design 
will  not  be  undertaken  here,  as  no  new  principle*  a 
be  developed. 

PROBLEM 

12.  Design  an  end  bearing  for  a  girder  of  a  angle-track  raOwajr 
bridge  of  96'  effective   length,  the   cro»arctk»  of  the  girder  at  the 
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end  being  1  web  plate    48X&  and   4  angles  6X6X19.2(4),  the  end 
reaction  being  180,000  Ibe. 


APPEND1  \ 

ART.    13.    POSITIONS   OF   LOADING    FOR    MAXIMUM   SHEAR 

AND  MOMENT 

The  shears  and  moments,  which  are  necessary  for  the 
design  of  plate  girder  bridges,  are  required  for  such  a 
great  variety  of  span  lengths  within  the  limiting  lengths 
of  span  for  such  structures,  that  special  methods  of 
computing  and  tabulating  them  are  advisable.  In  the 
principal  Railway  Engineers'  Bridge  Works  and  Consulting 
Engineers1  offices  the  major  part  of  the  structures  designed 
will  be  made  for  some  standard  loading.  The  loading 
known  as  Cooper  EM  is  perhaps  more  widely  used  than 
any  other  for  railway  bridges.  The  quantities  given  in 
Table  No.  1  are  for  Cooper's  EM  and  are  similar  to  those 
which  should  be  determined  and  kept  on  record  for  any 
standard  loading  to  enable  design  to  be  made  with  proper 
facility. 

SHEARS 

In  computing  shears  it  should  be  noted  that  for  deck 
bridges  the  maximum  end  shear  is  given  for  the  engine 
located  so  that  either  the  first  or  last  driving  wheel  stands 
at  the  end  of  the  span. 

The  maximum  shear  at  an  interior  point  on  the  left 
of  the  center  of  the  span  is  given  when  the  load  extends 
from  the  right  and  up  to  the  point  and  perhaps  a  little 
beyond.  Every  load  that  passes  from  just  to  the  right 
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of  the  point  to  just  the  left  <>f  the  point  ui 

causes  a  decrease  in  shear  by  the  amount  of  that  load. 

Any  fun h. -r  movement  of  the  system  to  the  left  Inoraistn 

the  shear  until  another  Inad  passes  from  the  right  to  the 

i  the  point  im  shear  mu*t  tru-rrforr  be 

determined  by  trial  and  generally  will  occur  for  ihr  first 

or  second  engine  wheel  just  to  the  right  of  the  given  (mint 

For  through  bridges  the  maximum  .-hear  in  any  panel 

IF 
is  given  when  the  weD-known  criterion  /'-  —  if  tstbfad, 

in  which  /'  H  the  load  in  the  pan,-!.  IF  the  total  load  OH 
the  bridge  and  m  the  mind*  r  of  equal  panels  in  the  span. 
Sometimes  two  or  even  three  positions  of  the  load  satisfy 
r-it  t-rinn.  in  which  case  the  maximum  shear  is  determined 
by  comupting  the  shear  for  all  positions  which  ha 

tile  !l. 

For  maximui  titrated    load    brought  to  a  floor 

beam  or  trestle  bent  by  two  adjacent  stringers  or  girders: 

nJF 


terion    for    position  is  P- 


n  +  m 


in  which    n   and 


m  are  the  lengths  of  the  adjacent  spans  and  P  the  load 
on  the  span  of  length  n,  and  IF  the  load  on  both  spans. 

<j   MOMENTS 

The   bending   moment,   due   to  a  certain   number  of 
moving  loads  at  any  definite  point  in  a  girder  either  deek 

or  through,  is  a  maximum  when  ^"~JJ"»  *m  *'hich  P   in 

the  load  on  the  1,  ft  of  the  point,  IF  the  total  load  on  thr 
structure  and  n  the  distance  from  the  point  to  the  left 
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end  and  HI  the  span  length.  Thb  criterion  enables  any 
group  of  loads  to  l»e  placed  n.  pmducc  a  maximum  moment. 
The  crilerion  will  somet  hm>  l>.  d  l>y  more  than 

position  of  the  live  load,  p-nerally  that  position  which 
ha-  the  heaviest  load  at  the  point  under  consideration 
and  in  addition  the  greater  load  on  the  structure  i>  the 
one  jiivini:  maximum  nnmieiit.  The  moment  for  all  p<  • 
tions  of  load  which  sati>lie-  the  criterion  must  be  com- 
puted for  a  certain  determination  of  the  maximum. 

For  a  deck  structure  the  point  of  maximum  bending 
moment  occurs  at  or  near  the  center,  generally  a  little 
distance  away  from  the  center,  the  location  of  this  point 
of  maximum  moment  being  different  for  different  systems 
of  loading.  To  aid  in  determining  the  position  of  tin- 
loading  for  absolute  maximum  it  should  be  remembered 
that: 

(a)  The  maximum  moment  must  occur  where  the  shear 
passes  through  zero; 

(6)  For  a  system  of  concentrated  loads  the  shear  must 
pass  through  zero  at  one  of  the  loads; 

(c)  The  amount  of  load  on  either  segment,  into  which 
the  point  of  maximum  moment  divides  the  span, 
is  to  the  total  load  on  the  span  as  the  length 
of  the  segment  is  to  the  span  length. 

These  requirements  for  practical  cases  fix  the  point  of 
maximum  bending  moment  under  one  of  the  two  win •< •!- 
adjacent  to  the  resultant  of  the  system.  The  criterion  for 
the  exact  position  of  the  loading  to  produce  maximum 
bending  moment  follows: 


;    MAXIMl  \l    MiJ.\U    \M»   M' 


vfitem  of  loading, 

no  /*/<]<•«•</  /An/  thf  en  ''<r  */*IH   M  kalf  Mf  I 

nti   our  riro  /«<!</• 

/o  Me  resultant.      ThU  rrit.  :  v  br 

as  f«»ll" 

h-t    Ki^.  i:i<i    >!in\v    mix 

movini 


f-M 

-  1. 

": 

r 

o  oooq 

^ 

X                                 1 

13o. 

i  lir  «-riit«  r  nf  the  span; 
,»   I,,-   ill.-   i  maximum    iimiin-iit 

o  o! 


tin-  rr>uhant  of  tin-  .*yst«-m      II'. 

(    h,    il,,.  d  -»f  H"  from  tin-  ri^lit  n 

the  rr-ultnnt  of  tin-  loa«U  to  tin-  I«-ft  of  <>  \»*  /'. 

I,  In-  i  lir  .iMamv  from  o  to  /'. 

x  IM-  tin-  tli-tan--.-  from  o  to  a; 

n  tin-  U-mlini:  mniin-nt  at 

o-  W-R,({,  -x)  -^-^(T,  -x)  -/'6 

"     "       : 
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Now  suppose  the  loading  to  advance  a  >mall  distance 

to  the  left  of  dx,  then  6-6,  x-x+dx,  and  c  =  c+dj-,  ami 

the  hriidini;  moment 

(Wc+dx)  A 
-P6    as    /2i- 1 -tbia 


neglecting  terms  containing  dx2, 

TFc     TFcx     TTcdx     TFdx     JFxdx 

M  !^~  ~r  ~r 

Subtracting  («)  from  (^9) 

TFdx 


dm  __  W          ^ 
=  " 


dx          2        I          I  ' 

and  for  a  maximum  this  must  rqual  0. 
W     Wx     We 

~T"T"  ™ 

-.)+j:+c  =  0 

ami  •c=7  ""c» 

which  establishes  the  criterion  as  state*  1. 

PROBLEMS 

13<7.  Compute  the  maximum  bending  moment  for  a  deck  plate 
girder  of  18'  effective  span  length  for  Cooper's  EM.  Assume  the  girder 
to  carry  one-half  the  loading. 

IM.  Compute  tin-  maximum  IxMiding  moment  for  a  2-V  spun,  MUM 
loading  as  13a. 

13c.  Compute  the  maximum  center  moment  for  a  25'  span,  same 
loading  as  13a. 


TABLE  O! 


ART.  14.  PREPARATION  OF  A  TABLE  OP  BENDWO 

SHEARS,  AND  CONCENTRATED  LOADS  POR  COOPER'S  E. 
LOADING 

The  great  advantage  of  a  table  of  momenta  and  shear*  b 

that  it  may  be  prepared  in  a  frw  dayn  for  all  »pafi*  for  which 
:it  all  lik.lv  to  be  needed.     Computation*  for  a  system 
of  quant  iii.-   made  at  one  time  »how  by  the  law  of  the 
i><    MI   «lrrrra>r  nf  the  quantities  any  error,  and  thr 
-imilarity   of    the   roinputat.  -u-ni   to   be 

':ij'i.il>  i:...          v.  nf  many  loads  move*  over 

« pan 8  of  varying  length  it  i-  .-\  i.l.-nt  that  one  load  produce* 
maximum  moment  for  spans  up  to  a  certain  length,  two 
loads  for  a  certain  <>th<  r  1.  rigth,  and  so  on. 


•t 


.1:.  14a. 

50fOOOx  . 
M     R(l-x)--    /  x)- 50,000 

tl.M                     lOO.OOOj 
-^-50,000 ^ 0 

or        M  -a  max.,  when  J~2" 

^   (|  know^ 

ression  I  moment  for  any  >|>un  uith  one  load 
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Tin-  p-nrral  equation  fur  moment   for  t\\o  loads  spaced 
5'  apart  i- 

250,000+lOdi 


Af-A(J-6-x) 


-, 


-  I 

-250,000  X  100,000*  -750,000^  -lOO.OOOj  — ' 


£,100,000 -^-^f55-o.  ,.  *-!. 


-\ 


FIG.  146. 

Substituting  for  x  its  vlaue,  we  have  for 
j:»(),000 


+  100,00o(|-3.75)r 
Vf /    j  _£     .^  - . 


=  250,OOOZ  -125,000  + 


By  plotting  the  curves  of  moments  for  different  lengths 
of  spans  we  see  that  somewhere  between  8'  and  9'  one 
load  and  two  loads  produce  the  same  moment. 

To  find  this  point  exactly  we  make  the  equations  for 
moments  simultaneous  and  solve  to  find  the  value  of  I 
for  which  the  moments  are  equal. 

250,OOOZ  -  125,000  + 


For    this    case 

\\hmcef  -8.54'. 

The  next  step  is  to  get  the  general  equation  of  moments 
for  three  loads.     Make  it  simultaneous  with  that  for  two 


TAIU.J:  MI   HI. MUM;  \i<»\iKXT8,  KIT. 


load*,  aini   -•!-.-•  f«»r  /.  \\!u.-!,  ^ivi-K  the  up|*T  limit  for  •»,, 
load*  an  1 1  i 

e/wi 

M    :.«>.<MMI/    AOO^OOO-I-- 


for  li\v  l..a,ls  will  now  be  writt«-n 

-'.":-  ...... 

t.  of  e.g.  from  riL'ht  Inait  •  225  000"* 


•L   «  m^^i'Cni'ffl 


The  point  «»f   max.  mmm-iit    \\ill   he   un«l«-r   thr 

«lri\ 

2,075,000  -»-225>OOOr 

Reac-tion  at  RI  —  -  —  — 
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Maximum  bending  moment 
.2,075.000-H225,000,x(,  ^  _ 

_2,075.000+225,000x 
-2,075,000 


_  20,750.000  42,250.000. 

2,075,000      i.-)0,000x     LV. 
«225,(K  —  —  — 

450>000x  .2,075,000+2,250,000 

—  »  —         =  —  ZZbjVOO  -r~  —  j  — 

450,000x  =  225,OOOZ  -  4,325,000 
x  -1  -9.61. 

Substituting  this  value  for  x  in   tin-   following  simplified 

cxprcs.-ion  for  the  moment 


1,500,000  +225,000.  -  - 

there  i.s  given 
M  -  1,500,000 


225,000/i         ,A2    20,750,000 


- 

41      '•iPQ   C\  *\f\ 

=  1,500,000  +  112,500/  -2,162,500  -2,162,500  +-    —^ 
-56.250/  +2,162,500  - 


=  -662,500  +  +56.250/  =  56.250Z  -662,500 


Txhi.i.  "i    hi.  MUM,  M..MJ 


fin-  !iiniiiriii.«  for  four  ntnl  tt\«    l«.n.|.  .  -jual,  HI-  » 


M|/  -500000  •»•— ^— !         ,,,,_•  .-,,„, 


f»-j.,      !.,•»     ti:>4+160 

/-I3-  ±213.54-    :  II  r,l 

/-i.;  :  M  <•]     .-:  '.r 

:i<    ilu-    limiting    I.  u-tli  for   \vliirh    four   ln.fl» 

.hi'-.-    Mi:i\iini|!ii    Iliollirli 

Tin-    talxilation    follnxvin^   >ln.\\>    tin-    inoni,  n»^    ntui  tin- 

<>f    ill,-    I,  tails    that     |.r<>.  hi-,,    tlirn    for    (In- 
fnni.  f«»r  inlrrvals  <»f  1'. 
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14n.  Compute  the  forrjining  table  u; 

14/».   Compute    the    maximum    //   end    .-hear    for    one    girder    of    I 
effective  i.-r   bndp  .     T*Q  girders  carry  . 

track.     (  KJ0. 


ART.  15.    TABLE  OF  MOMENTS,  SHEARS  AND  CONCENTRATED 
LOADS   FOR   COOPER'S  E* 

The  method  of  writing  equations  for  bending  inoim 
of    An.    11   need    not    he   followed    for  span-  .,•)'  long. 

For  spans  ov«-r  :{()'  in  length  the  inaxiinuin  center  moment 
is  only  a  small  fraction  of  nne  per  cent.  le>s  than  the 
absolute  inaxiinuin  moment.  The  following  tal>le  Lrive>  a 
convenient  arrangement  of  the  quantities  for  spans  up  lo 
Mective  length. 

For  through  spans  ial.le<  of  moments  at  the  panel 
points  and  .-hears  in  all  the  panels  for  varying  number 
of  panels  and  panel  length  are  readily  prepared  and  should 
be  made  for  any  loading  as  much  used  as  Cooper's  systems. 


'.S  EM. 


16^.  Compute  the  livr  ]o:ul  corM-ciiinitidii  for  a  Irvsilr  hcnt  which 
<-:irri<-s  atljacciit  sp:ui<  of  W  MIK!  (i()'.  Show  l»y  a  skrtrh  the  position 
of 


16^'.  Compute  the  maximum  center  moment   for  :i  6(X  span.     Show- 
by  sketch  the  position  of  In 

15r.  Compute    the    maximum    shear    at     the    center    of    a    00'    span. 
l.y  sk.-tch  the  position  of  \< 

!&/.  Compute  the  maximum  shear  at   a  point    l.V  from  one  end  of 
a  W  span.     Show  by  sketch  the  position  of  the  lo. 
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Effront's  Enzymes  and  their  Applications.      (Prescott 

iligh  Explosives 

er's  Oedema. ..  

•  rhv-i«.l<>rv  <-f  AlimrntatK-n  !..-.•    \2rno.     2  00 
Fletcher's  Practical  Instructions  in  Quantitative  Assaying  with  th 

I6mo,  mor.     i  •"•'' 

Fowler's  Sewage  Works  Analyses. . 

Presenius's  Manual  of  Qualitative  Chemical  Analysis.     (Wells.) 

Manual  of  Qualitative  Chemical  Analy  H  scriptive.  ( Wells.  )8vo.  3  00 

Quantitative  Chemical  Analysis.     (Cohn.)     2  vols 

1    I.  $6.     Vol.  II.  $8. 

Puertes's  Water  and  Public  Health 

Furman  and  Pardoe's  Manual  of  Practical  Assaying 

•Getman's  Exercises  in  Physical  Chemist:  .  2  OO 

Gill's  Gas  and  Fuel  Analysis  for  Engineer  i  _':  i    _•:, 

*  Gooch  and  Browning's  Outlines  of  Qualitative  Chemical  Analysis. 

Large  1  .'•  1    j", 

Grotenfelt's  Principles  of  Modern  Dairy  Practice.     ( \V 
firoth's  Introduction  to  Chemical  Crystallography  (Marshall).  . 

•  Hammarstcn's  Text-book  of  Physiological  Chemistr  .  !.) Svo. 

Hanausek's  Microscopy  of  Technical  Products.     (Wintonj 

•  Hask  Jeod'sOrR..  .     200 

*  Herrick's  Denatured  or  Industrial  Alcohol 

Hindu's  Inorganic  Chen.i  

•  I. .i!«.r.it. .r\    M;tnnal  for  Students. .   .  .  :  .'•    O,      1    <"• 

*  Hollcman's    Laboratory    Manual    of   Organic    Chemistry    for    Beginners. 

(Walker  ,                                              1  .'mo.     1  00 

Text-book  of  Inorganic  Chemistry.     (Cooper  Svo,     2  60 

Text-book  of  Organic  Chemistry.      (Walker  and  M  Svo,     2  50 
Holley's  Analysis  of  Paint  and  Varnish  Products.     (In  Press.) 

•  Lead  and  Zinc  Pigments  .  .  .Large  12mo, 

Hopkins's  Oil-chemists'  Handbook  Svo 

Jackson's  Directions  for  Laboratory  Work  in  Physiological  Bvo,      1    -'•"> 
Johnson's  Rapid  Methods  for  the  Chemical  Analysis  of  Spc  Steel- 
making  Alloys  and  Graphite 3  00 

Landauer's  Spectrum  Analysis.  (Tingle  8vo,  300 

Lassar-Cohn's  Application  of  Some  General  Reactions  to  Investigations*  in 

Organic  Chemistry.  (Tingle.)..  I  -'mo.  100 

Leach's  Inspection  and  Analysis  of  Food  with  Special  Reference  to  State 

Control Svo,  7  60 

Lob's  Electrochemistry  of  Organic  Compounds.  (Lorenr  .Svo,  3  CO 
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Lodges  NolM  on  Atsaying  and  MetaJfergfeaJ  L 

•    ___  i-    ffc^i      g    ^_   «>  ---  s 

i.«4>nr   A    j  *if  ;  .    .-if    T.r*. 


1  Urs*«  •  PrtoflfiM  and 


>  Mo.!*™  PWPBMU  MM!  iMr  Ve*i 


•  Martin's  Laboratory  Guide  to  Oualiuuv*  AaaJy*.  »uh  <a*  Utoaja! 

ruriiitocnaJ  t t»»» 

•  tMMtanr 

•  Math«iwstm'«  Pint  Principle*  of  Cnemdral  Theory 

aboratory  Manu*  ClMMMry •••*. 

of   Radklea   m   Carbon  Coe»po«a4*     (TWgte  > 


-mimum.- 

:  bookolCb«Bi«tr. 


(or  Bkctrk»l 


Moor*'*  Esperiments  in  Organic  Chtmisir 
Morat's  Caknlatkms  u*e«!  in  Cane-sugar  Pactoriea  lAoto. 


ry  ol  Ch«mtc»l  Th«on«  and  U«» 
^ttflrfttkM  of 


-npotmd*  of  Carbon  with  Hyttram  Md  O»r»m 
\itro««»ou.  Compound.      (In  Pi«M»tfcMi  ) 

:  n«  ComiiMfruil  Dynt  . 
•n'.  AiMlyiit  of  Drug*  and  Medicine- 
OMwald't  Converutkmt  on  Cb«mUtry.     Pan  On*. 

Part  Two.     (Turatmll 

•  Introdoctkm  to  Chemistry      (  Hall  and  Wilttaa 
•.andac*'!  D>-«ng  and  Cleanin*  of  Textile 
rr  .  Practical  T«t  Book  of  Chetnutry 
•  Pauh  «  Phyncal  Cher 
PwnneW.  Table*  df  MineraU.  Including  U»  Uw  of 

of  Doindtic  »  rtxluriion  .  . 
Pictet'i  Alkaloids  and  their 


Poolc'.  Calorific  Power  of  PucU 

Prwott  and  Window's  Eletnenu  of  Water  Bar  tenolofy. 

•not  to  Sanitary  Water  Analyiu 
.g't  Guide  lo  Piece  Ds 
R.chards  and  Woodman  '•  A  and  Pood  from  a  Sanitary 


Rkketu  and  Miller's  Not*  on  Assayinc 

Rideal's  Distnfcction  and  the  Pre-ervation  of  Pood  .  .tv«. 

Elementary  Manual  for  the  CH 


and  Ungfen's  Cyanide  Industry      (U  « 
Ruddiman's  Incompatibiliuea  in  PrMcripikma. . 
Whys  in  Pharmacy. 


•  Ruer  s  Blemenu  of  Metallography.     (MaUMwson 

Sabin's  Industrial  an  i  Artistk  Technology  of  Patet  and  V« 

Salkowski's  Physiological  and  Pathological  OMatery      (OradorC  )  ..   Am. 

mpfs  BaMntiili  of  Volumetnc  Ar 

Manual  of  Volumetnc  Analysss.     ( Pilth  Edition.  RMtlltr 
•  Qualitative  Chemkal  Analysis 


Spencer  s  Handbook  for  Cane  Sugar  Mam 

,i    .•      ....'•  .       •  lire-  ,. 

Stockbridgr'.  K.«k^  an  !  S,-,'., 

Stone's  Practical  Tasting  of  Gas  and  Gas 


*  Tillman'*  Elementary  Lesicv  $1  60 
TraadweirsOuiliiative  Analysis,     (li.  300 

Quantitative  Analysis.     (Hall.).                                                                 Svo.  400 

Turneaure  and  Russell's                    .:cr-iupplies                                              I  6  00 

Van  Deventer's  Physical  Chemistry  for  Beginners.     (Boltwood.                     .  1  60 

Venable's  Methods  and  Devices  for  Bacterial  Treatment  of  Sewage. Svo,  3  00 

Ward  and  Freshwater  Biology.     (In  Press.) 

Ware's  Beet-sugar  Manufacture  and  Kenning.                                           .  Svo,  4  00 

6  00 
Washington's  Manual  of  the  Chemical  Analysis  of  Rocks. . . 

*  Weaver's  V                     losives 3  00 

Wells's  Laborator\                    jualitative  Chemical  Analysis                       -      .  ]  60 

Short  Course  in  Inorganic  Qualit.r  ring 

Students 

Text-book  of  Chemical  An thmct.  1   26 

>'s  Microscopy  of  DrinkinR  water  360 

Wilson's  Chlori nation  Process                                   .  1   60 

Cyanide  Processes. . 

Winton's  Microscopy  of  Vegetable  Foods         ...                                        .Svo.  760 

Zcigmondy's  Colloids  and  the  Ultramicroscope.     ( Alexander.).. Large  12mo,  300 

CIVIL    ENGINEERING. 

BRIDGES   AND    ROOFS.     HYDRAULICS.     MATERIALS   OF   ENGINEER- 
ING.    RAILWAY    KNV.r 

*  American  Civil  Engineers'   Pocket  Book.     (Mansfield  Merriman.  Editor- 

in-chief.)  I6mo.  mor.  6  00 

Baker's  Engineers'  Surveying  Instruments 3  00 

Graphical  Computing  TabU                                 Paper  19i  X24J  inches.  25 
Breed  and  Hosmer's  Principles  and  Practice  of  Surveying.     Vol.  I.  Elemen- 
tary Surveying                                                                                         Svo,  3  00 
Vol.  II.      High                                                                                                   Svo,  2  60 

*  Burr's  Ancient  and  Modern  Engineering  and  the  Isthmian  Canal Svo,  3  60 

Comstock's  Field  Astronomy  for  Engineers .  Svo,  2  60 

*  Corthell's  Allowable  Pressure  on  Deep  Foundations 

Crandall's  Text-book  on  Geodesy  and  Least  Squares                                   Svo.  3  00 

Davis  s  Elevation  and  Stadia  Table  1  00 

Elliott's  Engineering  for  1  60 

*  Fiebeger's  Treatise  on  6  00 

Flemcr's  Phototopographic  Methods  and  Instruments .Svo,  6  00 

Pol  well's  Sewerage.     (Designing  and  Maintenance.)                                    .Svo,  300 

Freitag's  Architectural  Engineering                                                                .Svo,  3  60 

French  and  Ives's  Stereotomy Svo,  2  60 

Gilbert.  Wightman.  and  Saunders's  Subways  and  Tunnels  of  New  York. 

(In  Press.) 

*  Hauch  and  Rice's  Tables  of  Quantities  for  Preliminary  Estimates. . .  12mo,  1  25 

Hayford's  Text-book  of  Geodetic  Astronomy Svo,  3  00 

Bering's  Ready  Reference  Tables  (Conversion  Factors.) 10mo.  mor.  2  60 

Hosmer's  Azimuth                                                                                    I6mo.  mor.  I    "n 

*  Text-book  on  Practical  Astronomy. 

Howe's  Retaining  Walls  for  Earth 12mo,  1  25 

*  Ives's  Adjustments  of  the  Engineer's  Transit  and  Level 16mo.  bds.        25 

Ives  and   HUts's   Problems   in   Surveying,  Railroad  Surveying  and  Geod- 
esy                                                                                                  Hirno.  mor.  1  60 

*  Johnson  (J.B.)  and  Smith's  Theory  and  Practice  of  Surveying.  Large  12mo,  3  60 
Johnson's  (L  J.)  Statics  by  Algebraic  and  Graphic  Methods Svo,  2  00 

*  Kinmcutt.  Wmslow  and  Pratt's  Sewage  Disposal. .                                 .Svo,  3  00 

*  Mahan's  Descriptive  Geometry. . .                                                                 .Svo,  1  60 

Merriman's  Elements  of  Precise  Surveying  and  Geodesy Svo.  2  60 

Merriman  and  Brooks's  Handbook  for  Surveyors 16mo.  mor.  2  00 

Nugent's  Plane  Surveying Svo,  3  60 

Ogden's  Sewer  Construction.                                                                            Svo,  3  00 

Sewer  Design                                                                                            1  -'mo.  2  00 

Parsons's  Disposal  of  Municipal  Refuse. .  KV.  ,. 

Pattern's  Treatise  on  Civil  Engineering. .                                 Svo,  half  leather.  7  60 
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Warren  •  BtereDtoeBjr^ProbieeM  to  Moete-cwttuitf 
lland-buak  of    lUthr 

:*nr*.l  Bdition.  Inr lu.hn«  Tabl« . 
Webb's  Probl«m  te  UM  UM  and  AdjuttoMPl  of 


NUOOI       A-.:    ;        i 


Bottv't  Pnw-tic.1  TrwtiM  on  the  Cot»tn»ctioo  of  Inm 

ThAIMsK 


Burr  and  Palk't  lV»«jm  and  ComtnactkM  of  Metallic 
Inrtumct  Unt>  (or  Brid«t  Mid  Roof  ConfwiMiom 

. 

cBhdflea 

Powkr't  Ordinary  Fotandati*  •  .  * 

Greene  •  Arcbw  in  Wood.  Iron,  and  Sumr  • 


tSeconda 

^metrical  Maaonry  Arche. 
Trealiw  on  An  hr 
•  Hodaon's  Deflectiont  and  SuticaUy  In<l«t«nmnat«  Strwaai  .  .     Smifl  4«e. 

•  PUte  C.irder  Darifn 

9  Jacoiiy  '»  Struc  tural  Detaila,  or  Klemcnu  of  Dwri«n  in  Heavy  rVamia^t  »*o 
Johnson.  Bryan  and  Turncaure  »  Theory  and  Practice  ta  the  HemgHiag  of 
Modern  Pramed  Si 


•  Johnaoo.  Bryan  and  Tum«*ur*  t  Theory  and  Pmctk*  in  the  f>nlejiiig  c« 

Modem  Framed  Structure.     New  Edition      i 
•  Part  1 1 
Merriman  and  J»c.  .**  on  Roof*  and  Brid 

mple 
Par: 
Part  III 
Part  IV    Higher  Struct ur» 


Arches 

Waddeir.  DC  Pont.buv  Pocket  book  far  Bridge  Begim en  Maw.  mar 

•  Specifications  (or  Steel  Bridgaa 
WaddaU  and  HamnfU»'«  Bridje  Bnctoeartng     (In  Prepnralto*  ) 

HVDRAUUCS. 

Barnea't  Ice  Formation  ,  •*•*  >  09 

Ba*hT»  Bxperimenu  upon  the  Contract**  of  the  Uqvftd  Veto  I H  b«a 

anOntice      (Tr»ut»«-.r  »v«,  S  «t 

Bovey  »  Treatue  on  Hy.iraul.  »^  *  « 


Church's  Diagrams  of  Mean  Velocity  of  Water  in  Open  Channels. 

Oblong  4to,  paper,  $1  60 

Hydraulic  Motors..  ^          2  00 

.  of  Fluids  (Being  Par!  antes  of  Engineering) . .  Kvo. 

Coffin's  Graphical  Solution  of  Hydraulic  Problem* 16m«. 

Plather't  Dynamometers,  and  the  Measurement  of  Power. 

PolweU's  Water-supply  Engineering  -      .     4  00 

Priiell's  Water-power.  .Svo,     500 

Puertes's  Water  and  Public  Health 

2  50 
Ganguillet  and  Kutter's  Central  Formula  for  t!  !-Mow  of  W.v 

<  ring  and  Trautw:  Svo,     400 

Ham's  Clean  Water  an  1  60 

Fill  ration  of  Public  V>  Svo. 

liazelhurst's  Towers  and  Tanks  for  Water-work  |      .     2  50 

Henchel's  1 15  Experiments  on  the  Carrying  Capacity  of  Large.  Riveted.  Metal 

Con  Kvo,     2  00 

Hoyt  and  Grover's  River  Discharge  .8vo,     2  00 

Hubbard  and   Kiersted's  Water-works   Management  and    Main  ten.  > 

Svo,    4  00 

•  Lyndon's   Development  and   Electrical   Distribution   of   Water   Power. 

Svo,     3  00 
Mason's  Water-supply.     (Considered   Principally   from   a  Sanitary  Stan  1- 

poitr 
Merriman's  Treatise  on  Hydraulics  .  .Svo,     5  00 

•  Molitor's  Hydraulics  of  Rivers.  Weirs  and  Sh: 

•  Morrison  and  Brodie's  High  Masonry  Dam  I>  .Svo,     1  50 

•  Richards's  Laboratory  Notes  on  Industrial  Water  Analysis Svo,         50 

Schuyler's  Reservoirs  for  Irrigation.   Water-power,  and   Dome 

supply.     Second  Edition,  Revised  and  Enlarged Large  Svo,     6  00 

•  Thomas  and  Watt's  Improvement  of  Rivers ,4to,     6  00 

Turncaure  and  Russell's  Public  Water-supplies  gvo,     5  00 

•  Wegmann's  Design  and  Construction  of  Dams.     6th  Ed.,  enlarged 4 to.     600 

Water-Supply  of  the  City  of  New  York  from  165S  to  1S95. ...  Lto.  10  00 

Whipple's  Value  of  Pure  Water 

Williams  and  Hazen's  Hydraulic  Tables.  .8vo,     1  50 

Wilson's  Irrigation  Engineering .Svo,     400 

Wood's  Turbines. . .  .  Svo,     2  50 


MATERIALS   OF   ENGINEERING. 

Baker's  Roads  and  Pavement  .Svo,     5  00 

Treatise  on  Masonry  Construction Svo,     5  00 

Black's  United  States  Public  V.  Oblong  4 to,     5  00 

Blanchard  and  Drowne's  Highway  Engineering.     (In  Press.) 

Bleininger's  Manufacture  of  Hydraulic  Cement.     (In  Preparation.) 

Bottler's  Varnish  Making.     (Sabin.)     (In  Press.) 

Burr's  Elasticity  and  Resistance  of  the  Materials  of  Engineering Svo,     7  50 

Byrne's  Highway  Construction Svo,     5  00 

Inspection  of  the  Materials  and  Workmanship  Employed  in  Construction. 

16mo,     3  00 

Church's  Mechanics  of  Engineering  Svo,     6  00 

Mechanics  of  Solids  (Being  Parts  I,  II.  Ill  of  Mechanics  of  Engineer- 

.8vo.     4  50 

Du  Bois's  Mechanics  of  Engineering. 

Vol.    I.  Kinematics.  Statics.  Kinetics Small  4to,     7  50 

Vol.  II.  The  Stresses  in  Framed  Structures,  Strength  of  Materials  and 

Theory  of  Flexures.  .  Small  4to.  10  00 

Eckel's  Building  Stones  and  Clays.     (In  Press.) 

menu.  Limes,  and  Plasters  Hvo.     6  00 

Fowler's  Ordinary  Foundations Svo,     3  50 

•  Greene's  Structural  Mechanics Svo,     2  50 

Holley's  Analysis  of  Paint  and  Varnish  Products.     (In  Press.) 

•  Lead  and  Zinc  Pigments  .  .Large  12mo,     3  00 

•  Hubbard 's  Dust  Preventives  and  Road  Binders. .  .Svo.    3  00 
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il«l«rtaU 


tfth  cW  il«l« 
Ration'*  Pr» 


»  Modat»  Asphalt  Pavsan  t 
K*he>  ><«Ady  I 

neat  Workers  and  Plaattran'  E<: 


H«ir  Occttmoot.  ProfNrtte^  •>         - 
•  R»«  «n.!  Uighloo't  Hutary  of  the  CUy  «orkin«  |«4M«rr  of  Ik*  Ui 


a.iri*!  and  Art».t»c  Tocboolosy  of  PMM 

SfMldtnc  . 

book  oa  Roads  and  PB 
•  Taylor  and  Thompaon't  Bxtracu  on 


Treats  „„  r.iurrte.   PUin  »n  1  Kr,-  '  ••   r  '. 

rriak  of  Engincennc      In  Three  I'*- 
Part  I      N.-n-metaUk  Materials  of  PngJaasring  aad  Met*0unr> 

Part  III     A  Treatisa on  Brasses.  Bronaas.  aad  Other  Alloys  aad 

Paveinentsaod  P> 
Mawcr's  Principlas  of 

i 


Watartmry'i  C 


Laboratory  Manual  for  Tatting  Matarssls  of  Coaatrwtsna.     (la  Preav) 
Wood's  (De  V  )  Ti IMIJMI  on  th«  Basirtanra  of  Msiamli  anil  an  ftppaaslti  aa 

the  Preservation  of  Timber  4v*     f 

Wood  :ttlass  Coatings:  Corrosion  and  Electron*,  of  Iran  asvi 

;.-.., 


RAILWA  BRING. 

Aodfwwm't  Handbook  for  Street  Railway  Bnginss*  i  Kt  .acasa.  awr  I 

Brrg.  BttlWing*  and  Structure,  o*  Amencan  lUitn*.  4  to.  » 

Brooks'*  Handbook  of  Street  Railroad  Location  i*s»a.  mar.  I 

•  Hurt  i  Railway  Station  8ar>  ••,  i  laaa.  J 
Butu.  Civ.l  Bngtoaar'.  Piatd-book  itaax  SBSV.  S 
Crandall's  Railway  and  Othar  Earthwork  Table*  to*  | 
Craadall  and  Barnos's  Railroad  8urve>-tn«  Itasa.  saor.  J 

•  Crockett  .  Methods  for  Earthwork  Compute*  •««.  I 

Fisher's  Table  of  «  0«tdbaaM. 

.iroad  Bttftoosrs-  Plaid-book  awl  Bxpfarars  O«Ma   Itsao.  aw.  1 
Hudson's  Tables  for  Calculating  the  Cubic  Coasaata  of 


I  vat  aad  Htlts's  Problssas  te  Sorreying.  Railroad  awray«a«a 


MoBtor  and  Board's  Manual  for  Rssidaat  Baginaars.  .   .l«sao 

I 


Nagle's  Field  Manual  for  Railroad  Engineer*. .  mor.  $3  00 

•  Orrock's  Railro.i  .  8vo,     3  00 
Philbrick's  Field  Mam,..  3  00 
Raymond'*  Railroad  Field  Go 

Elements  of  Railroad  Engineering 

Railroad  Enginrt 

Robert*'  Track  Formula  and  Table* If 

Sear Ir  3  00 

Railroad  Spiral 

Taylor'*  PrismoidaJ  Formula-  and  Earth"  -     •.     1  SO 

Webb's  Economic*  of  Railroad  Construction ;,.-.•    :.••    >.     250 

Railroad  Constructs •  '  500 

Wdlington'*  Economic  Theory  of  die  Location  of  Railways Large  12mo,     5  00 

Wilson'*  Elements  of  Railroad-Track  and  Construct! 

DRAWING 

Barr  and  Wood's  Kinematics  of  Machinery ...  ...  8vo.     2  50 

•  Bartlett's  Mechanical  Drawing. ..  .     ?  00 

Abridged  K  .  .8vo.     1  5O 

•  Hart  let  t  and  Johnson's  Engineering  Descriptive  Gc<  -          1  50 
Blessing  and  Darling's  Descriptive  Geometry.     (In  Press.) 

Elements  of  Drawing.     (In  Press.) 

Coolidge's  Manual  of  Drawing  Svo.  paper.     1  00 

Coolidge  and  Freeman's  Elements  of  General  Drafting  for  Mecha 

neers. Oblong  4to.     250 

Durley's  Kinematics  of  Machines.  .  .8vo.     4  00 

Emch's  Introduction  to  Protective  Geometry  and  its  Application Svo,     2  5O 

Hill's  Text-book  on  Shades  and  Shadows,  and  Perspective  .8vo,     2  OO 

Jamison's  Advanced  Mechanical  Drawing  .8vo,     2  OO 

Elements  of  Mechanical  Drawing Svo,     2  50 

Jones's  Machine  Design : 

Part  I.    Kinematics  of  Machinery Svo.      1   .".< » 

Part  II.  Form,  Strength,  and  Proportions  of  Parts 

•  Kimball  and  Barr's  Machine  Design  ...  

MacCord's  Elements  of  Descriptive  Geometry 

Kinematics;  or,  Practical  Mechanism. .  Svo,     5  00 

Mechanical  Drawing 

Velocity  Diagrams 

McLeod's  Descriptive  Geometr  ....  Large  12mo. 

•  Mahan's  Descriptive  Geometry  and  Stone-cutting.  .  .Hvo,     1  50 

Industrial  Drawing.     (Thompson.) 

Moyer's  Descriptive  Geometry 8vo.     2  00 

Reed's  Topographical  Drawing  and  Sketching .  .4 to,     5  OO 

'  Reid's  Mechanical  Drawing.     (Elementary  and  Advance-:  - 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design. .8vo, 

Robinson's  Principles  of  Mechanism Svo. 

Schwamb  and  Merrill's  Elements  of  Mcchanisir  .  Svo.     :<  MM 

Smith  (A.  W.)  and  Marx's  Machine  Design v. , ,.     .{  MM 

Smith's  (R.  S.)  Manual  of  Topographical  Drawing.     (McMillan.) Svo.     2  50 

•  Titsworth's  Elements  of  Mechanical  Drawing:  <  >blong  Svo,     1  25 
Tracy  and  North's  Descriptive  Geometry      (In  Press.) 

Warren's  Elements  of  Descriptive  Geometry.  Shadows,  and  Perspective. .  Svo,  3  50 

Elements  of  Machine  Construction  and  Drawing  Svo,  7  5O 

Elements  of  Plane  and  Solid  Free-hand  Geometrical  Drawing.  . . .  12mo.  1  00 

General  Problems  of  Shades  and  Shad  Svo,  3  OO 

Manual  of  Elementary  Problems  in  the  Linear  Perspective  of  Forms  and 

Shadow. .  )  Jmo,  1  OO 

Manual  of  Elementary  Projection  Drawing-  Jmo,  1  5O 

Plane  Problems  in  Elementary  Geometry...  Jmo,  1  25 

Weisbach's    Kinematics    and    Power    of    Transmission.     (Hermann    and 

Kit.:  5   00 

Wilson's  lH.  M.)  Topographic  Surveying  Svo,     3  50 

•  Wilson's  (V.  T.)  Descriptive  Geometry 

Free-hand  Lettering  Svo.     1  OO 

Free  hand  Perspective  . . . 
Woolf 's  Elementary  Course  in  Descriptive  Geometry  Large  Svo.     3  OO 
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ELECTRICITY   AWD   PHYSICS. 

ft 


Anthony  and  Bail  •  L»fl«riaam  on  IB*  Theory  of  fjamfci 

Af.  '.».••  fi.       •  »'    :       "  •*•    .'"  I.    -•.•.-.         '     i      .       :.      :  "  .,      . 

*«*.  a 

..-53    4 
Mrf  M  ii   r  .......  of  H«h  T.«t-**<»'~     Tte* 

atittral  Ai^y*»  by  Kbrtfolyttt     <Bo«t«w»4  .  •««.     a 


w 


TlMory  of  UM  Uad  AcctunuUtor  (Stormy  JUiury  > 

lMrnKxiynamir*  an«l  CtMtnutrv      <Hur«»*,  -  « 

PUth«r  •  Ds-namometrrt.  an.!  thr  U«MurvfMnl«W  P.r*.  !  «a».  I 

".  I 
(MotieUv  ) 


•pMd  DymuBo  Eloctne  MadriMrr 


H olman's  PratWon  of  MoMuramonu  . 


-     .  .  •  i  :       .  .  .  :  • 

ave  Motion  KeUunc  to  Sooad 

.  l«ln>HiM>tLn«   tn  llw>  ^»,,.U-  ..(    KWtr«r*l   KttMn 


^  a 

?..«-.r,  i  K>.  -r,.    IpM    '  I'     PkMI 

K^r,  ;-:,.•!  |   !.,;-:-,.-  '..     i    •  ••->.-, 

-•«.     1 

II  • 

mner'.  T«tin«  ol  Continuouicurrrot  M*chta*.  •«..     1 

L*n.U  :i  An.»lv»i  *w».     1 

:  Onmak  Compoun<U     (L.  .  .   Hwt.     9 

'rvelopment  ami  Elect-  .«r     »ro.     1 

Lyon*  •  Trcatu*  . 

-     .     i 
-«.     I 

«  Intfoductkm  to  the  Study  ol  Btect?k*J  B^MWinc  •««.    S 

•urn  ol  Probteott  on  OM  Btoctffaal  ClMffKMri«k»  ol 
•>      (In  Prw.) 

•  Panhall  an.!  H»t«rt  k  i  .  MM  D^m  i       teM  mar.  If 
Re^an  »  Locomotive*  Bdhte 

•  Rosenberg  .  Electrual  TTlljilt^illi      (HakUne  G^-Kfattbl  •••  1  1  ) 

Norm,  an.!  Huxic  %  El*  trxal  Machtn«r% 

Schappcr't  LaU>r  .  >>r^c*l  Chrrm.tr 

an'.  Elementary  LMaoni  in  Hmt 

•  Timlne  t  Bl«nent»  of  EJectr  L*f  c.  I 
Tory  ami  Piu  hrr  .  Manual  of  Labomtory  Pbr»i<  ,                         Uff«i  I 

•  Water*  •  Commercial  Dynamo  Da«i«a 

LAW. 

•  Brcnnan'«  Hand-book  of  Utnful  LamJ  Informatfam  for  D«MHMa»  ! 

•  Davu  »  Rlemenu  of  La 

•  TrMtiw  «.n  ihr  Military  Law  of  Uated  Siau 

•  Dudley's  Mihury  U«  an.i  the  Pitioiduf*  of  C<mrt*  marual    La/».  I 
Manual  for  Court*  mart.*:  • 
Wait  •  Boiteaviiif  ami                     *J  Jt 

Wait's  Law  of  Contract* 
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Walt's  Law  of  Operations  Preliminary  to  Construction  in  Engineering  and 

Architecture...  ftvo.  $5  00 


MATHEMATICS. 


Baker's  Elliptic  Functions. .  .  .8vo, 

Brian's  Elements  of  Plane  Analytic  Geometry.     (I)dcMer 

*  Buchanan's  Plane  and  Spherical  Trigonomct:  .  .Kvo, 
Byerly's  Harmonic  Functions 

Chandler's  Elements  of  the  Infinitesimal  CaK  : 

*  Coffin's  Vector  Analysis.  . 

Compton's  Manual  of  Logarithmic  Computati< 

*  Dtckxm's  College  Algebra 

•  Introduction  to  the  Theory  of  Algebra: 

Emch's  Introduction  to  Protective  Geometry  and  its  Application 8vo. 

Fiskc's  Functions  of  a  Complex  Variable  .  .  .8vo, 

Halsted's  Elementary  Synthetic  Geomrtr 
Elements  of  Geometry 

*  Rational  Geometry 

Protective  Geometry. 

*  Hancock's  Lectures  on  the  Theory  of  Elliptic  Functions  .8vo,     5  00 

Hyde's  Grassmann's  Space  Analysis Bvo,    1  00 

9  Johnson's  (J-  B.)  Three-place  Logarithmic  Tables:  Vest-pocket  size,  paper.         l.~> 

-.     5  00 
*  Mounted  on  heavy  cardboard,  8X  10  inchc 

*    IO,0,M, 

Johnson's  (W.  W.)  Abridged  Editions  of  Differential  and  Integral  Calculus. 

Large  1.    2  50 

Curve  Tracing  in  Cartesian  Co-ordinates 1  00 

Differential  Equation  Svo.     1  00 

Elementary  Treatise  on  Differential  Calculu  Large  1  J 

Elementary  Treatise  on  the  Integral  Calculus Large  12mo, 

•  Theoretical  Mechar.  i 

Theory  of  Errors  and  the  Method  of  Least  Square*. 1  2mo.     1  60 

Treatise  on  Differential  Calculus  Large  12mo. 

Treatise  on  the  Integral  Calculu  ...  Large  1  J 

Treatise  on  Ordinary  and  Partial  Differential  Equations. .  .Large  12mo. 

*  Karapetoff's  Engineering  Applications  of  Higher  Mathematics.  Large  12mo,     0  75 
Koch's  Practical  Mathematics.     (In  Press.) 

Laplace's  Philosophical  Essay  on  Probabilities.  (Truscott  and  Emory.).  12mo.     2  00 

*  Le  Messurier's  Key  to  Professor  W.  W.  Johnson's  Differential  Equations. 

Small  Svo.      1    7.", 

*  Ludlow's  Logarithmic  and  Trigonometric  Tables HVO.      i   <xj 

*  Ludlow  and  Bass's  Elements  of  Trigonometry  and  Logarithmic  and  Other 

Tables 

*  Trigonometry  and  Tables  published  separately.  Each, 

Macfarlane's  Vector  Analysis  and  Quaternions SY,,.      i   IK) 

McMahon's  Hyperbolic  Functions.  .s\o.     1  <><) 

Manning's  Irrational  Numbers  and  their  Representation  by  Sequences  and 

Series. .  .  .  LSmo,     l   -'."> 

Mathematical   Monographs.     Edited  by  Mansfield   Merriman  and   Robert 

Voodward .  . .  Octavo,  each     1  00 

No.  1.  History  of  Modern  Mathematics,  by  David  Eugene  Smith. 
No.  2.  Synthetic  Protective  Geometry,  by  George  Bruce  Halsted. 
No.  3.  Determinants,  by  Laena  No.  4.  Hyper- 

bolic  Functions,   by  James  McMahon.     No.   5.    Harmonic   Func- 
tions, by  William  E.  Byerly.     No.  6.  Grassmann's  Space  Analysis, 
by  Edward  W.  Hyde.     No.  7.  Probability  and  Theory  of  Errors, 
by  Robert  S.  Woodward.    No.  8.    Vector  Analysis  and  Quatern; 
by    Alexander    Macfarlane.     No.    9.    Differential    Equations,    by 
William  Woolsey  Johnson.     No.   10.  The  Solution  of  1 
by  Mansfield  Merriman.     No.  11.  Functions  of  a  Complex  Variable, 
by  Thomas  S.  Piske. 

Maurer's  Technical  Mechanic  .8vo,     4  00. 

Merriman's  Method  of  Least  Squares. ... 

Solution  of  Equations Svo,     1  00 


:  TlMory  o<  Krrut , 


:     Mai  i''- 
Waiertmry's  Ve»i  Pocket  Han!  I- 

Edition.  Including  Table,  -^      I 

• 

MECHANICAL    ENGINEERING. 
MATERIALS  OF  ENGINEERING.  STEAM  ENGINES  AND 

Bacon'*  Porgw  Praetkr 

Baldwin's  Steam  Heattn*  (or  Huildm** 

iUrr   at-..J   W..*!  .   Kinrtnatut  ••!    NU    MMf] 

• 

tmitrr'.', 

lent  and  Modem  ffagineariM  aa<!  the  T-T^mftr-  *>—  • 


Carpenter  •  He.ting  and  Ventilating  Boitdi 

edenchs  •  Esperimental 

•  Clerk's  The  Ga*.  Petrol  wxl  Oil  Engine 

i     •••-..   1  .-•!..        • 


for  ;|.t..n  .  Fir^t   L^-.r^  in  Mr!a!  \V-  |U  ,' 

CooapUm  and  D*  Groodt's  8pc«d  Lathe 

Cool»,!«r  .  Manual  ol  Dravinv 

CooiiJja  and  Prwman'c  BlatnaaU  o<  G«v»r»l  Draitin*  for 


Cromwell  »  Traatb*  on  Belu  and  Pullaya. 

Traatia*  on  Toothad  Gaaring  .  . 
Dtnt«y  '.  Machine? 

nanatka  of  Machine* 
.  Gear  cut  tin*  Machinery 


•    .  :»•-.,        .  •  -    .-     •      •.•.  .    -  •    .    •      . 

. 

'•.as  and  Pool  Aoalyak  for 
Goat's  Locomotive  Sparka.  .... 
.mptng  Machinery 


Henna'*  Ready  Reference  Table*  (OmvavaVm  Factor. 

Ellu'. 


i:.  „         . 

Jamison's  Advanced  Mechanical 


t  Engine  . 
Machine  Deafen: 

.taematka  of  Machinery 

Pan  II.     Porro.  Strength,  and  Pnn*gHia»i  of  Hart 
M 


•.'.  Mechanical  Kngtn- 
Kerr  »  Power  and  Power 

r  •  Machine 
•  King  •  Element*  of  the  Uecbanic*  of  Maleriala  and  of  Pvew  of  Traiav 


•  Laaaa'c  Dynamic*  of  Machtnery  .  . 
Leonard  .  Machine  Shop  Took  and  Meihoda.  . 

^  Engine 

•  Lorent'*  Modern  Rairkjaraiing  MarMn.r 
MacCord  t  Kinematic*:  or.  Pract> 


\c....:      ....,-.. 


MacParland's  Standard  Reduction  Factors  for  Cues 

!  Drawing.     (Thompson.).  .                                               •*     .  3  60 

•  a*  Engine  Theory  and  DesiK'                                      I-arKt.  1  _•::.<..  2  80 
Hrrry .  and  RUey's  Problems  in  Thermodynamics  and  Heat  Engineer* 

npcr.  0  75 

•:-.all  Tool*.  .                                                   LttW  I--'   o,  2  50 

•  Parshall  and  Hobart  Machine  Design    Small  4to.  half  l< 

•  Pe*lc'»  Compressed  Air  Plant.    Second  Edition.  Revised  and  Enlarged .  8vo.  8  50 
Perkins'*  General  Thermodynamics.     (In  Press  ) 

Poole's  Calorific  Power  of  Fu<                                                                         Rvo.  3  00 

•  Porter's  Engine*                     i-<ences.  1855  to  1882.                                 .8vo,  3  00 
Randall's  Treatise  on  Heat.     (In  Press.) 

,  Mechanical  Dr..                                                                                     8vo,  2  00 

Text-book  of  Mechanical  Drawing  and  Elementary  M.i<  hmc  Design.Svo.  3  00 

Rkhards's  Compressed  A                                                                          I2mo.  1  6O 

Robinson's  Principles  of  Mechanisn                                                               8vo,  3  00 

Schwamb  and  MerriU's  Elements  of  Mechanisn.                                           .8vo.  3  00 

'.  )  and  Marx's  Machine  Dcsu: 

Smith's  (O.)  Press-working  of  Metals 8vo.  3  00 

Sorel's  Carbureting  and  Combustion  in  Alcohol  Engines.     (Woodward  and 

Preston.)                                                                                  «rge  12mo,  300 

Stone's  Practical  Testing  of  Gas  and  Gas  Meters .  8vo.  3  50 

Thurston's  Animal  as  a  Machine  and  Prime  Motor,  and  the  Laws  of  Energetics. 

1  00 

Treatise  on  Friction  and  Lost  Work  in  Machinery  and  Mill  Work. .  .Rvo.  3  00 

•  Tillson's  Complete  Automobile  Instructor lOmo,  1  50 

•  Titsworth's  Elements  of  Mechanical  Drawing                               <  >blong  8vo.  1  -'.'> 
Warren's  Elements  of  Machine  Construction  and  Drawing                        .8vo.  7  50 

•  Waterbury's  Vest  Pocket  Hand-book  of  Mathematics  for  Engineers. 

2JX6|  inches,  mor.  1  00 

*  Enlarged  Edition.  Including  Tables .or.  1  60 

Weisbach's    Kinematics   and   the    Power   of   Transmission.     (Herrmann — 

Klein.) 8vo,  5  00 

Machinery  of  Transmission  and  Governors.     (Hermann— Klein  ) .  .Kvo.  5  00 

Wood's  Turbines 

MATERIALS   OF   ENGINEERING. 

Burr's  Elasticity  and  Resistance  of  the  Materials  of  Engineering Rvo,     7  50 

Church's  Mechanics  of  Engineering  .8vo.     6  00 

Mechanics  of  Solids  (Being  Parts  I.  II,  III  of  Mechanics  of  Engineer: 

8vo. 

•  Greene's  Structural  Mechanics.  .  .  .8vo,     2  60 
Holley's  Analysis  of  Paint  and  Varnish  Products.     (In  Press.) 

*  Lead  and  Zinc  Pigments  :  _'mo.     3  00 

Johnson's  (C.  M.)  Rapid    Methods   for   the   Chemical    Analysis   of   Special 

Steels.  Stool-Making  Alloys  and  Graphite Large  12mo.  3  00 

Johnson's  (J.  B.)  Materials  of  Construction.  .  .8vo,  6  00 

Keep's  Cast  Iron  Rvo.  2  50 

•  King's  Elements  of  the  Mechanics  of  Materials  and  of  Power  of  '! 

mission Hvo.     2  50 

Lanza's  Applied  Mechanics.  .  .8vo,     7  50 

Lowe's  Paints  for  Steel  Structures. .  1  00 

Maire's  Modem  Pigments  and  their  Vehicles.  . 

Maurer's  Technical  Mechanics 

Merriman's  Mechanics  of  Materials  .  Rvo.     5  00 

*  Strength  of  Materials 

Metcalf's  Steel.     A  Manual  for  Steel-user  2  00 
ock's  Strength  of  Materials 

Sabtn's  Industrial  and  Artistic  Technology  of  Paint  and  Varnish Hvo.  3  00 

Smith's  (A.  W.,  Materials  of  Machines. .  .                                                     I2mo.  1  00 

•  Smith's  (H.  E.»  Strength  of  Material.  1    J.1 
Thurston's  Materials  of  Engineering :  vols.,  8vo.  8  00 

Pan  I.     Non-metallic  Materials  of  Engineering.  .  Hvo,  2  00 

Part  II      Iron  and  Stool.  .  svo,  3  50 

Pan  III.     A  Treatise  on  Brasses,  Brontes,  and  Other  Alloys  and  their 

Constituents...  Svo,  260 

II 
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Kaaaat't  Practka  aad  Thaory  ol  Uta  lajarfc* . 


Mmar.BOTTy.au  bUn»  la  Taarmodynaai 

Tabte»ofth«Proparti«ol8taamaiidOilMr  \ 

ropy  Table 

Thannodynamk*  of  tha  Staam-«nftiiw  and  Otkar 
•  Th«inodyoaink«  ol  UM  Suam  Turt,.: 
V«!  v«  gear*  (or  Staaro-angJaai  .... 

'Ain-bailan 

ruj-m  »  Thannodynamino<  IUvaraiblaCyvlaiteGaaaiaad8ata««i»i  V< 

i 
Raacan't  LoeocnoUvai:  Siropla.  Compound,  and  BW 

Ur^  I 
Sinclair'.  Locomotive  Encina  Ruaninc  and  Mtnaaamant 

. 
Snow  .  Staam-boilar  Practkc 
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r«oa.  aod  UarahaU't  glamanta  of  : 
Tboma*'*  Steam  turbmw  . 
Tbur  ook  of  Enciaa  aad  Boilar  Triak.  and  UM  I'm  of  U* 

cator  and  tha  Prooy  Brake 
Handy  T.bJc*  . 

team  bottar*.  th«r  Daa«B««Caaatr«rtk».  aadOaarafeM  •*«. 
Manual  of  the  .steam  ci^ooc 

P«:  «.tur».  an«l  The. - 
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Wahranfannif't  Analjraia  aad  Softaoiac  of  Boflar  Ptad-watar.    (FMtaraaa  I 

•*», 

Wai»bach  *  Heat.  Steam,  aad  ft I aim  aigjaai      (D*  Baav)  a>»a. 

»m  %  Stemm-enjpn*  Pariajl   .  ,  ••«% 

Woo,r*  Thanaodyoamia.  Haat  Molon.  aad  RaMaavaUa«  Miraaaai 

MECHANICS   PURE   AND   APPUUX 


Church'*  Mechanic*  of 

taka  of  Plaids  (Bate  Part  IV  at  Macteaka  af 

McdMBkaaf8olida(Baia«Paml.  II   III  o<  M««haakaaf 
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Dana's  Text-book  of  Elementary  Mechanics  for  College*  and  Schoob  .12mo,  $1  50 
Du  Bois's  Elementary  Principles  of  Mechanics: 

ftvo,    3  50 
ft**     4  00 

Mechanics  of  Engineering.     V.  :      I..  Small  4t«. 

Vol.  II 

*  Greene's  Structural  Mechanics. .  . 

*  Hartmann's  Elementary  Mechanics  for 

James's  Kinematics  of  a  Point  and  the  Rational  Mechanics  of  a  Par- 
Large  12mo.     2  00 

*  Johnson's  (W.  W.)  Theoretical  Mochan: 

*  King's  Elements  of  the  Mechanics  of  Materials  and  of  Power  of  Trans- 

mit 
Lansa's  Applied  Mechanics. .  . 

*  Martin's  Text  Book  on  Mechanics.  Vol.  I,  Sta 

•  V..1.  II.     Kinematics  and  Kinetics. 
.  of  Materials .  . 
Maurer's  Technical  Mechanics 

*  Merriman's  Elements  of  Mechanics. ...  <  >  < 

of  Materials 5  00 

c's  Elements  of  Analytical  Mechanics. .  4  00 

Robinson's  Principles  of  Mechanism  3  00 

Sanborn's  Mechanics  Problems ...  Large  12mo. 

Schwamb  and  Merrill's  Elements  of  Mechanist:. 
Wood's  Elements  of  Analytical  Mechanic 

.doles  of  Elementary  Mechanics.  .  !.'::.<. 

MEDICAL. 

*  Abderhalden's  Physiological  Chemistry   in   Thirty  Lectures.     (Hall  and 

Defren.) Hvo,  5  00 

von  Hearing's  Suppression  of  Tuberculosis.     (Bolduan..).  . 

*  Bolduan^  Immune  Sera 1 2mo,  1  5O 

Bordet's  Studies  in  Immunity.     (Gay.)  .  .  6  00 

*  Chapin's  The  Sources  and  Modes  of  Infection  3  00 
Davenport's  Statistical  Methods  with  Special  Reference  to  Biological  Varia-  ' 

tion  16mo.  mor.     1  50 

Ehrlich's  Collected  Studies  on  Immunity.     (Bolduan.).  .  . .  8vo,     6  00 

*  Fischer's  Nephritis. .  .  Large  12mo.     2  50 

*  Oedema                                                                                              8vo,  2  00 

*  Physiology  of  Alimentation.  .  .                                           .                   Jmo,  2  00 

*  de  Pursac's  Manual  of  Psychiatry.     (Rosanoff  and  Collins.)  .  .  .  Large  12mo,  2  50 

*  Hammarsten's  Text-book  on  Physiological  Chemistry.     (Mandel.) 8vo,  4  00 

Jackson's  Directions  for  Laboratory  Work  in  Physiological  Chemistry-  -8vo.  1  25 

Lassar-Cohn's  Praxis  of  Urinary  Analysis.     (Lorenz.) 1  Jmo.  1   no 

Mandel's  Hand-book  for  the  Bio-Chemical  Laboratory 1 2mo.  1  5O 

*  Nelson's  Analysis  of  Drugs  and  Medicines .  . 

*  Pauli's  Physical  Chemistry  in  the  Service  of  Medicine.      (Fischer.)..  12mo.  1    _'". 

*  Pozzi-Escot's  Toxins  and  Venoms  and  their  Antibodies.     (Cohn.).  .  12mo,  1  00 

Rostoski's  Serum  Diagnosis.     (Bolduan.) 12mo,  1  00 

Ruddiman's  Incompatibilities  in  Prescriptions -8vo,  2  00 

Whys  in  Pharmacy.  .  1  -'mo,     1  00 

Salkowski's  Physiological  and  Pathological  Chemistry.     (Orndorff.)  ..  ..8vo,     2  50 

*  Satterlee's  Outlines  of  Human  Embryology.  . 

Smith's  Lecture  Notes  on  Chemistry  for  Dental  Students.  .  Hvo.     2  50 

;>le's  Tyhpoid  Fever . ...  Large  12mo, 

*  Woodhull's  Military  Hygiene  for  Officers  of  the  Line Large  !_':...      1    ."•" 

*  Personal  Hygiene.  Jmo,     1  00 
Worcester  and  Atkinson's  Small  Hospitals  Establishment  and  Maintenance, 

and  Suggestions  for  Hospital  Architecture,  with  Plans  for  a  Small 
Hospital 1 2mo,     1  25 

METALLURGY. 

Betts's  Lead  Refining  by  Electrolysis 8vo,     460 

Bolland's  Encyclopedia  of  Pounding  and  Dictionary  of  Foundry  Terms  used 

in  the  Practice  of  MouldinK  12mo.     3  00 
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Part  II      lronan.SSlrr' 

1  1    A  Trwite*  on  BraiMt.  Bronw*.  an-i  OclMr  Aiiuy  .  a«4 


OPOT  RchnmK 
\V«*i  •  AiMrican  Foundry  I 

MINERALOGY. 

BttlnrrOIrt  Chemical  Blmtentt.     (In  Prepanuio*.) 
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Manual  of  Mineralogy  and  Petrography  :•**,  S 

Mineral.  .•  -*>.  | 

>-«e  Svo.  hatt  WtW  |j 

book  of  Mineralogy. .  '  «-  4 

val  Addresses  on  Technical  Sublet,  -  .««o,  | 

Bakie's  Mineral  Tables  - 

.nes  and  Clays.     (In  Press.) 

Goewl-s  Minerals  and  Metal*    A  Reference  Book  I«SM,  mor.  S 

'..perties  of  < 

iuction  to  Chen  ,                      .-^».  I 
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Johannsen-.  Determination  of  Rock  fonn  >•  Sartte*. 

'        ' 

•  Martin's  Laboratory    Guide    to    Qualitative    Analr***    «nth    the    Btsw. 

OB* 
Merrill's  Non  metallic  Mineral*    Their  Occwrsnc*  at  -  • 

•  PenfieuT.  Notes  on  Determinative  Mmeralo«r  and  Rerord  ul  MtneraJ  Tea. 

**«* 

Tables  of  Minerals.  Inctodfaff  the  f  *e  at  Mineral*  and  »a»alire  of 
DoaMetk  Prod  ;  «.  • 

•  P»rxv,n  »  k-kv  ar.  !  K  -  .    M  •       . 

•  Rkhards's  Synopsis  of  Mineral  Ou  Iteo.  SMT.     t 
•Rias'sCtays:  Their  Occurreoos.  Properties  and  I'M*  »«a,    t 
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•  Ries  and  Leighton's  History  of  the  Clay-working  » 

State*. . .  Svo.  $2  60 

•  Rowe  »  Prmctic«l  Mineralogy  Simplified 

•  Tillman's  Text-book  of  Important  Minerals  a;. 

Washington's  Manual  of  the  Chemical  Analysis  of  Rocks. .  -          2  00 

MINING. 

•  Beard's  Mine  Gases  and  Explosions.  . . .  Large  12mo,     3  00 
•Cran,  s  -..,.     600 

•  Index  of  . Mining  Engineering  I.  Svo,     400 

*  Svo,  mor.  6  00 

*  Ore  Mining  Methods.  .  .                                                                           Svo.  3  00 

•  Dana  and  Saunders's  Rock  Drilling  .  .  .                                                       Svo,  4  00 
Douglas's  Untechnical  Addresses  on  Technical  Subjc*  •  1  00 
Busier  s  Modem  High  Explosives. . 

GoeseJ's  Minerals  and  Metals:  A  Reference  Book  }>,- 

IhUrng's  Manual  of  Mining. 

•  Iles's  Lead  Smelting 2  60 

•  Peele's  Compressed  Air  Pla-  .Svo,     3  60 

ivins  L'mler  Diffit  «and  Peele.)8vo. 

•  Weaver's  Military  Explosive 

Wilson's  Hydraulic  and  Placer  Mining.      LM  fiition.  rewritten    .  .     2  50 

Treatise  on  Practical  and  Theoretical  Mine  Ventilation 

SANITARY    SCIENCE. 

Association  of  St.v  .nal  Food  and  Dairy  Departments,  Hartfor-1 

Meeting.  1906.  .  Svo,     3  00 

Jamestown  Meeting.  1907 

•  Bashore's  Outlines  of  Practical  Sanitation.  . .  .  1   _'.", 

Sanitation  of  a  Country  House. 

Sanitation  of  Recreation  Camps  and  Parks.  1  00 

•  Chapin's  The  Sources  and  Modes  of  Infection 

Polwell's  Sewerage.     (Designing,  Construction,  and  Maintenance  -     .     3  00 

iter-supply  Engineering Svo,     4  00 

Fowler's  Sewage  Works  Analyses.  .  .  2  00 

Fuertes's  Water-filtration  Works 2  50 

•crand  Public  Health.  ]  _•      ,. 

Gerhard's  Guide  to  Sanitary  Inspections .     1  60 

*  Modern  Baths  and  Bath  House 
Sanitation  of  Public  Buildings 

*  The  Water  Supply,  Sewerage,  and  Plumbing  of  Modern  City  Buii 

Svo.  4  00 

Haien's  Clean  Water  and  How  to  Get  It  Large  12mo,  1  60 

Filtration  of  Public  V.  8vo,  3  00 

•  Kinnicutt.  Winslow  and  Pratt's  Sewage  Disposal. .  .8vo,  3  00 
Leach's  Inspection  and  Analysis  of  Food  with  Special  Reference  to  State 

Control.  .                                                                                                8vo,  7  60 

Mason's  Examination  of  Water.     (Chemical  and  Bacteriological  1    _'.» 
Water-supply.     (Considered  principally  from  a  Sanitary  Standpoint). 

Svo,  4  00 

•  Mast's  Light  and  the  Behavior  of  Organisms Large  12mo,  2  50 

•  Merriman's  Elements  of  Sanitary  Engineering .Svo,  2  00 

Ogden's  Sewer  Construction  .                                                                           .Svo,  3  00 

Sewer  Design. 

Parsons's  Disposal  of  Municipal  Refuse.  .                                                      .  Svo,  2  00 
Prescott  and  Winslow's  Elements  of  Water  Bacteriology,  with  Special  1 

ence  to  Sanitary  Water  Analysts                                          12mo,  60 

•  Price's  Handbook  on  Sanitation.                                                                 12mo,  60 
Richards'*  Conservation  by  Sanitation Svo,  60 

Cost  of  Cleanness. . . 

Cost  of  Pood.     A  Study  in  Dietaries.  .  00 

Cost  of  Living  as  Modified  by  Sanitary  Science.  .  00 

Cost  of  Shelter  jmo,         00 

•  Richards  and  Williams's  Dietary  Computer.  .  Svo,        60 
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